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Since the original printing if this material, Monolithic Memories has merged with Advanced Micro Devices. 
References in this handbook to either company now pertain to the new combined entity, 
which markets all products under the AMD name. 
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FIFO 


Ordering Information 


C 67 L 4XXX D NL 


* PACKAGE 
N= Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded 
Chip Carrier 


CASCADABILITY* — 
Cc = Cascadable Bipolar 
Blank = Standalone Bipolar 







TEMPERATURE CODE 
57 = Military ig 
67 = Commercial SPEED 

- Blank = Standard 





TECHNOLOGY 





A/B/D = Enhanced 
Blank = Bipolar -35 = 35nst, 
L = Low Power Bipolar -50 += 50nst, 
Cc = CMOS -65 = 65nst, 
-80 = 80nst, 
DEVICE NUMBER 


* All CMOS devices are cascadable 


First-In First-Out (FIFO) Devices 





First-In First-Out (FIFO) 
Devices 





Application 
Specific 
FIFOs 


Low High 
Density . Density 


CMOS Bipolar 





Serial Bidirectional FIFO RAM 
67CXXX ; 


64x4 512 x9 


64x5 


1Kx9 | 


64x5 





Features and Benefits 


Low Density CMOS FIFOs (64x4/5) 

@ Zero standby power consumption 

™ RAN-based technology with fast access times 
lm Three-state output and status flags 

m Expandable in width and depth 


High Density CMOS FIFOs (1/4K, 1/2K, 1Kx9, 2Kx9) 
m_ Low power consumption — 60 mA max 

@ Status flags — Half-full, Empty, Full 

m™ Asynchronous and simultaneous read/write 

i | Expandable in width and depth } 
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Competitive Cross Reference Guide 








CYPRESS 


CY7C401-5 PC 
CY7C401-5 DC 


CY7C401-10 PC 
CY7C401-10 DC 


CY7C401-15 PC 
CY7C401-15 DC 


CY7C402-5 PC 
CY7C402-5 DC 


CY7C402-10 PC 
CY7C402-10 DC 


CY7C402-15 PC 


CY7C402-15 DC : 


CY7C403-5 PC 
CY7C403-5 DC 
CY7C403-10 PC 
CY7C403-10 DC 
CY7C403-15 PC 
CY7C403-15 DC 
CY7C404-5 PC 
CY7C404-5 DC 


CY7C404-10 PC 
CY7C404-10 DC 


CY7C404-15 PC 
- CY7C404-15 DC 
CY7C412-40 PC 
CY7C412-40 DC 
CY7C412-40JC 


CY7C412-65 PC 
CY7C 412-65 DC 
CY7C412-65 JC 


CY7C424-40 PC 
CY7C424-40 DC 
CY7C424-40 JC 


CY7C424-65 PC 
CY7C 424-65 DC 
CY7C 424-65 JC 


DALLAS 
SEMICON- 
DUCTOR 


DS 2009 
DS 2010 


IDT 


IDT 7200 S/L-35 P 
IDT 7200 S/L-35 D 
IDT 7200 S/L-35 J 


1-8. 


AMD/MMI 


67C401-10N 
67C401-10J 


670401-10N 


67C401-10 J 


67C401-15N 


67C401-15 J 


67C0402-10N 
67C402-10 J 


67C0402-10N 
67C0402-10J 


67C402-15 N 
67C402-15 J 


67C4013-10N 
67C4013-10J 


67C4013-10N 
67C4013-10J 


67C4013-15N 
6704013-15 J 


67C4023-10N 
6704023-10 J 


67C4023-10 N 
6704023-10J 


67C4023-15N 
67C4023-15 J 


6704501-35 N 
67C4501-35 J 
67C4501-35 NL 


67C04501-65N 
67C4501-65 J 
67C04501-65 NL 


67C04502-35 N 
67C4502-35 J 
67C4502-35 NL 


6704502-65 N 
67C4502-65 J 
67C4502-65 NL 


AMD/MMI 


6704501 
67C4502 


AMD/MMI 


67C4500-35N 
67C4500-35J 
67C4500-35NL 


IDT 7200 S/L-50P - 
IDT 7200 S/L-50 D 
IDT 7200 S/L-50 J 


IDT 7200 S/L-65 P 
IDT 7200 S/L-65 D 
IDT 7200 S/L-65 J 


IDT 7200 S/L-80 P 
IDT 7200 S/L-80 D 
IDT 7200 S/L-80 J 


IDT 7201 SA/LA-120 P 
IDT 7201 SA/LA-120 D 
IDT 7201 SA/LA-120 J 


IDT 7201 SA/LA-80 P 
IDT 7201 SA/LA-80 D 
IDT 7201 SA/LA-80 J 


IDT 7201 SA/LA-65 P 
IDT 7201 SA/LA-65 D 
IDT 7201 SA/LA-65 J 


IDT 7201 SA/LA-50 P 
IDT 7201 SA/LA-50 D 
IDT 7201 SA/LA-50 J 


IDT 7201 SA/LA-35 P 


IDT 7201 SA/LA-35 D 


IDT 7201 SA/LA-35 J 


IDT 7201 S/L-120 P- 
IDT 7201 S/L-120 D 
IDT 7201 S/L-120 J 


IDT 7201 S/L-80 P 
IDT 7201 S/L-80 D 
IDT 7201 S/L-80 J 


IDT 7201 S/L-65 P 
IDT 7201 S/L-65 D 
IDT 7201 S/L-65 J 


IDT 7201 S/L-50 P 
IDT 7201 S/L-50 D 
IDT 7201 S/L-50 J 


IDT 7202 SA/LA-120 P 
IDT 7202 SA/LA-120 D 
IDT 7202 SA/LA-120 J 


IDT 7202 SA/LA-80 P 
IDT 7202 SA/LA-80 D 
IDT 7202 SA/LA-80 J 


IDT 7202 SA/LA-65 P 
IDT 7202 SA/LA-65 D 
IDT 7202 SA/LA-65 J 


IDT 7202 SA/LA-50 P 
IDT 7202 SA/LA-50 D 
IDT 7202 SA/LA-50 J 


IDT 7202 SA/LA-35 P 
IDT 7202 SA/LA-35 D 
IDT 7202 SA/LA-35 J 


67C4500-50N 
67C04500-50J 
67C4500-50NL 


67C4500-65P 
67C4500-65J 
67C4500-65NL 


' 67C4500-80 N 


67C4500-80 J 
67C4500-80 NL 


6704501-80 N 
6704501-80 J 


-6704501-80 NL 
- 67C4501-80 N 


67C4501-80 J 
67C4501-80 NL 


- 67C4501-65N 


67C4501-65 J 


-67C4501-65 NL 


67C4501-50 N 
67C4501-50 J 
67C4501-50 NL 


67C4501-35 N 


-67C04501-35 J 


67C4501-35 NL 


67C4501-80 N 
67C4501-80 J 
67C4501-80 NL 


67C4501-80N 
67C4501-80 J 
67C4501-80 NL 


67C4501-65N 
67C4501-65 J 
67C4501-65 NL 


67C4501-50 N 
67C4501-50 J 
67C4501-50 NL 


67C4502-80 N 
67C4502-80 J 
67C4502-80 NL 
67C04502-80 N 
67C4502-80 J 
67C4502-80 NL 


67C4502-65 N 
67C 4502-65 J 


. 6704502-65 NL 


67C4502-50 N 
6704502-50 J 
67C4502-50 NL 


67C4502-35 N 
67C4502-35 J 
67C4502-35 NL 


IDT 7202 S/L-120 P 
IDT 7202 S/L-120 D 
IDT 7202 S/L-120 J 


IDT 7202 S/L-80 P 
IDT 7202 S/L-80 D 
IDT 7202 S/L-80 J 


IDT 7202 S/L-65P — 


IDT 7202 S/L-65 D 
IDT 7202 S/L-65 J 


IDT 7202 S/L-50 P 
IDT- 7202 S/L-50 D 
IDT 7202 S/L-50 J 


IDT 72401 L-10 P 
IDT 72401 L-10 D 
IDT 72401 L-10 J 


IDT 72401 L-15 P 
IDT 72401 L-15D 
IDT 72401 L-15 J 


IDT 72402 L-10 P 
IDT 72402 L-10D 
IDT 72402 L-10 J 


IDT 72402 L-15P 
IDT 72402 L-15 D 
IDT 72402 L-15 J 


IDT 72403 L-10 P 
IDT 72403 L-10D 
IDT 72403 L-10 J 


IDT 72403 L-15 P- 
IDT 72403 L-15 D 
IDT 72403 L-15 J 


IDT 72404 L-10 P 
IDT 72404 L-10 D 
IDT 72404 L-10J 


IDT 72404 L-15 P 
IDT 72404 L-15D 
IDT 72404 L-15 J 


MOSTEK 


MK 4501-65 N 
MK 4501-80 N 
MK 4501-100 N 
MK 4501-120 N 


T.I. 


SN74S225 N 
SN74S225 J 
SN74ALS236J 


SN74ALS235J 2. 


SN74ACT7202 N 


67C4502-80 N 
67C4502-80 J 
67C4502-80 NL 


67C4502-80 N 
6704502-80 J 
67C4502-80 NL 


67C4502-65 N 
67C4502-65 J 
67C04502-65 NL 


67C4502-50 N 
67C4502-50 J 
67C4502-50 NL 


67C401-10N 
67C401-10J 
67C401-10 NL 


67C401-15N 
67C401-15 J 
67C401-15 NL 


67C402-10N 
67C402-10J 
67C402-10 NL 


67C402-15N 
67C402-15 J 
67C402-15 NL 


67C4013-10N 
6704013-10J 
67C4013-10 NL 


67C4013-15N 
6704013-15 J 
67C4013-15NL 


6704023-10N 
67C 4023-10 J 
67C04023-10 NL 


67C4023-15N 
6704023-15 J 
67C4023-15 NL 


AMD/MMI 


. 67C4501-65N 


67C4501-80 N 
67C-4501-80 N 
67C4501-80 N 


AMD/MMI 


-74S225 N 


748225 J 
67411AJ 
67413AJ 
67C4502N 


FIFO IC Selector Guide (COM) 











Low Density FIFOs 
* Tech- Part Organ- Package 
nology Number | ization | Type Type Features 
B 748225 Cc N, J . 
B 74S225A Cc N, J 
B C67401 Cc N, J, NL 
B 67401 S N, J, NL 
B C67401A - C N, J, NL 
B 67401A Ss N, J, NL 
B C67401B Cc J 
B 67401B S J TPO. 
B C67L401D . Cc N, J TPO Low Powerl,, = 24 mA 
B C67L4013D Cc N, J TSO Low Powerl,, = 24 mA 
B C67402 Cc N, J, NL 
B 67402 Ss N, J, NL 
. B C67402A Cc J 
B 67402A S J 
B C67402B Cc J 
B 67402B S J a ; 
B C67L402D -C N, J TPO Low Powerl,, = 24 mA 
B C67L4033D C N, J TSO Low Power|,, = 24 mA, Status Flags 
Cc 67C401-10 Cc N, J, NL TPO Low Power, RAM Based 
C 67C401-15 C N, J, NL TPO Low Power, RAM Based 
Cc Cc N, J, NL TSO Low Power, RAM Based 
-C 67C04013-15 Cc N, J, NL TSO Low Power, RAM Based 
Cc 67C402-10 Cc N, J, NL TPO Low Power, RAM Based 
Cc 67C402-15 C N, J, NL TPO Low Power, RAM Based 
Cc 67C4023-10 Cc N, J, NL TSO Low Power, RAM Based 
Cc 67C4023-15} ° Cc N, J, NL TSO Low Power, RAM Based 
Cc 67C4033-10 C N, J, NL TSO Low Power; RAM Based, Status Flags 
Cc 67C04033-15 Cc N, J, NL TSO Low Power, RAM Based, Status Flags 
B 67411 Ss J 
B 67411A Ss J 
B 67412 cS) J 
B 67412A Ss J 
B 67413 Ss J TSO, Status Flags 
B 67413A S J TSO, Status Flags 
Notes: 
- Technology: PackageType: Features: . 
'B— Bipolar C — Cascadable N—Plastic TSO — Three State Output 
C —-CMOS S — Standalone J — Ceramic TPO — Totem Pole Output 
NL— PLCC 


1-9 


High Density FIFOs 


Tech- Part 
nology Number 


67C4500-80 
67C4500-65 
67C4500-50 
67C04500-35 
67C4501-80 
6704501-65 
67C04501-50 
67C04501-35 
6704502-80 
6704502-65 
67C4502-50 
67C04502-35 
6704503-80 
67C04503-65 
6704503-50 
67C04503-35 


Organ- 
ization 


a0 


Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
C 
Cc 
Cc 
Cc 
Cc 


Application Specific FIFOs 


QAAQAAQAAANAAQINDANANINAND 


ZZZZZ2Z2ZZ2ZZZ2ZZ2ZZZ2ZZZ2Zz 


Package 


“ 


eecececeece cece cece 
222222222222222Z22 


Preece oe oe oes 


Pe ee ee ee ee ee ee) 


28, 32 (NL) 


28, 32 (NL) 


28, 32 (NL) 
28, 32 (NL) 
28, 32 (NL) 


28, 32 (NL) | 


28, 32 (NL) 


28, 32 (NL) 
28, 32 (NL) 


28, 32 (NL) 
28, 32 (NL) 


28, 32 (NL) | 


28, 32 (NL) 


28, 32 (NL) 


28, 32 (NL) 
28, 32 (NL) 


Features 


TSO Access Time=80 ns, Status Flags 
TSO Access Time=65 ns, Status Flags 
TSO Access Time=50 ns, Status Flags 
TSO Access Time=35 ns, Status Flags 
TSO Access Time=80 ns, Status Flags 
TSO Access Time=65 ns, Status Flags 
TSO Access Time=50 ns, Status Flags 
TSO Access Time=35 ns, Status Flags 
TSO Access Time=80 ns, Status Flags 
TSO Access Time=65 ns, Status Flags 
TSO Access Time=50 ns, Status Flags 
TSO Access Time=35 ns, Status Flags 
TSO Access Time=80 ns, Status Flags 
TSO Access Time=65 ns, Status Flags 
TSO Access Time=50 ns, Status Flags 
TSO Access Time=35 ns, Status Flags 








Organ- 
ization 


Tech- Part ~ 
nology Number 


B 67417 


Package 


Type 


64xm/9/1 


B 674219 512-64K 













‘| 350 J 24 TSO Parallel/Serial, Status Flags 
| 350 J 40 | TSO FIFO RAM Controller, 16-Bit SRAM 
; Address, Status Flags 
Bidirectional FIFO 

Tech- Part -Organ- Package 

nology Number ization | Type Type 


C 67C4701 Dual 16 100 | 28 TSO, Programmable Status Flags, 
512x9 7 Mailbox 


Notes: 

Technology: PackageType: Features: 

B — Bipolar C — Cascadable N — Plastic TSO — Three-State Output 

C — CMOS S — Standalone J — Ceramic TPO — Totem-Pole Output 
NL— PLCC 


FIFO IC Selector Guide (MIL) 








Low Density FIFOs 


057401 
57401 
C57401A 
57401A 


= 
- 


16,20(LCC)| TPO 
16, 20(LCC)| TPO 
16,20(LCC)| TPO 
16,20(LCC)| TPO 


Faced a 


oD NANdNVXVNOWAIAIWDWAWIWVIWOWD 


57L401D 
57L4013D 
C57402 


57402 
C57402A 
57402A 
57L402D 


57C4033-12 


DMD ADANADAQADANDVNDHAIHIAANNANYD 


57413A 


High Density FIFOs 


eacnacracacncacncacncaca 


a 


—- ro 


18, 20 (LCC) 
18, 20 (LCC) 


TPO Low Power |, = 12 MA 
TSO Low Power |,, = 12 MA 
TPO 

TPO 

TPO 

TPO 

TPO Low Power I, = 12 MA 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based, 
Status Flags 

TSO, Status Flags 











Tech- Part Organ- 
nology Number ization | Type 
Cc 57C4500-80 Cc TSO Access Time = 80 ns, Status Flags 
Cc 57C4500-65 Cc ; TSO Access Time = 65 ns, Status Flags 
Cc 57C4500-50 Cc J TSO Access Time = 50 ns, Status Flags 
Cc 57C4500-40 Cc J TSO Access Time = 40 ns, Status Flags 
Cc 57C4501-80 Cc J TSO Access Time = 80 ns, Status Flags 
Cc 57C4501-65 Cc J TSO Access Time = 65 ns, Status Flags 
Cc 5704501-50 Cc J TSO Access Time = 50 ns, Status Flags 
Cc 57C4501-40 Cc J TSO Access Time = 40 ns, Status Flags 
Cc 57C4502-80 Cc J TSO Access Time = 80 ns, Status Flags 
Cc §7C4502-65 Cc J TSO Access Time = 65 ns, Status Flags 
Cc 57C4502-50 Cc J TSO Access Time = 50 ns, Status Flags 
Cc 57C4502-40 Cc J TSO Access Time = 40 ns, Status Flags 
Notes: 
Technology: PackageType: Features: 
B — Bipolar C — Cascadable N — Plastic TSO — Three State Output 
C-CMOS S — Standalone J — Ceramic TPO — Totem Pole Output 
NL—- PLCC 


L—Leadless Chip Carrier 
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First-In First-Out (FIFO) 64x4 64x5 
Standalone Memory 


67401 67401A 67401B 
67402 67402A 67402B 








Features/Benefits | Ordering Information | 


© Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates = 
PAI 
| NUMBER )Pke | TEMP DESCRIPTION 


© Choice of 4-bit or 5-bit data width 

© TTL inputs and outputs 

° Readily expandable in the word dimension only 67401 J,N,NL(20) 10MHz 64x4 FIFO 

e Structured pin outs. Output pins directly opposite ; | 10MHz 64x5_ FIFO | 

Coivesponeaia inpitelia 67402 J,N,NL(20) 1OMHz _64x5_ FIFO 

° Asynchronous operation 67401A | J,N,NL(20) 45MHz 64x4 FIFO 
674024 | J,N,NL(20) 15MHz 64x5 FIFO 
67401B _ 16.7 MHz 64x4 FIFO 

67402B 16.7 MHz 64x5 FIFO. 













Description | 

The 67401 B/2B/1A/2A/1/2 are “fall-through” high speed First- in high speed tape or disc controllers and communication 
in First-Out (FIFO) memory organized 64 words by 4-bits and buffer applications. Word length is expandable; FIFO depth is 
64 words by 5-bits respectively. A 16.7 MHz data rate allows not expandable. 


usage in digtal video systems; a 15 MHz data rate allows usage 





Block Diagrams 


67401/A/B 64x4 67402/A/B’ 64x5 


FIFO 
= OUTPUT 









62x4 BIT 








MASTER RESET MASTER RESET 


Pin Configurations 
67402A/B 64x5 


67401A/B 64x4 






ne [1] vec 
UT READY | 2| SHIFT OUT 
SHIFT IN | 3 | 


po [4] oo 
D1 45] o1 


OUTPUT READY 





NC INP NC VCC SFT 
Y fo) 

















D2 [6] 02 67401/A 
03 [7] 03 
GNO [8] MASTER RESET 
Plastic Chip Carrier . Plastic Chip Carrier 
Publication # Rev. Amendment 
10676 A /0 


Issue Date: May 1988 
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Absolute Maximum Ratings 


Supply voltage MC eectovsr aie Sind ein Beak Sint aw etc ln gd wae ig ER ato E Re hia a he otaeeaderee -15Vto7V 
WI RUE VOUAGS 38 scirti. casthad nt tiy sauce area ehiaha Bite Skasca dBase Lead tate oractin oak wh cghane bese lt aap cag Re tdlbatedhamteas -15Vto7V 
Off-state output voltage: 2 6 cas. a5 2s cslicanag tikes bed wks dervlnd whine eaet oubw eke’ Dad waiea rials ween wee aces -05Vto5.5V 


Gcessiase Sia a meareluntaa Soe aupha Baa eras Oe a Sit a ae uss oe akc OZ nated Gud a Eacatdhe Aine Naseatien ah 2 '-65° to +150°C 


Operating Conditions 


jsvmeot | —__Panaweten | FIGURE |g “HP tax SP tax a ONT | 
veo | Swewvotege——SSSdYCSSCSC*di Salar 5 sane 8 525] V 
aS CS 
Seg 
aes 


tsoHt Shift Out HIGH time 8 
| Ce  (c 
tmMRWw Master Reset pulse - 10 35 


Switching Characteristics over Operating Conditions 


ramos| vorrei AP a | 
int? | ShitintoiputReadycow [1] S|] | 
anit | ShitintoiputresdyeiGh | 1 [fe 
‘ont | Sri Outo Oaputresayiow [5 | wat 
eat = 
Twang [MesterResstiooRuow | 10 | ssf Sea w 
a 
ss 















tSOL Shift Out LOW time 

























Output Ready pulse HIGH 


+See AC test and high speed application note. 





Test Load Input Pulse 0 to 3 V - 


Input Rise and Fall Time (10% - 90%) 
5 ns minimum 


* The “TEST POINT” is driven by the output under test, TEST POINT* Measurements made at 1.5 V 


and observed by instrumentation. 
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Absolute Maximum Ratings 


SUpPIY VOIAGEV Gy vceieedn ce saneeree Os nap hnaeana WRN RE RNa ee OS Pea sega lean eUN Steet eeare Maa RES S -0.5Vto7V 
JFIPUEVOIEG O: 555-8554 uses artin osase ool efasn yeep ai'eroud eh es wikis SO Sraniacs See aide greia Gealate Sal deo Gate ELC eng wtiels Salee saa NS wa BS we -15Vto7V. 
Off-state-OutpULVOItAGE. co cie seis ev aves or9.0 wie wena Ade does Be A Gece hee DHE w Ones Wie Halas wdveyerdb Bee Sueriosalaue Wragesoeo Ble ees -0.5Vto5.5V 
Storage temperature o.des56.5- cicada senor eicrin oi anesle: gv eu io ayute oe gaia WG ce averes ols 6 Ree Wi braye wie wl aheue aie erereie de wees. een -65° to +150°C 


Operating Conditions 67401A/2A 


COMMERCIAL ; 
SYMBOL PARAMETER | Figure | MIN TYP MAX UNIT 


[Voc | Supplyvotage | 
[Ta___| Operating free-air temperature | | O 
ftsnt | ShiftiniGHtime | tes 
[GBS 
| 
‘sont | ShiftOutHiGHtime | 

ftso. | shittourtowtime | 
[turw | MasterResetpuise | to 85 
365 ct 













ot 






_ 























Switching Characteristics 67401A/2A Over Operating Conditions 


COMMERCIA . 
SYMBOL PARAMETER MIN TYP ” MAX UNIT 


-_ 40| ns_| 
Hour | Shittoutrate | 
tort | Shift OuttoOutput'Readytow | 5 | ns _| 
tort | Shift OuttoOutputReadyHIGH | 5 | 8s 
|topH | Output DataHold (previous word) | 5 jns_| 
[tops | Output Data Shift (next word) |S 45] ns 
[twp | MasterResettoIRHIGH | 10 
[top | OutputReadypulseHiGH | sf ao 





































































67401/2 Standalone 





Absolute Maximum Ratings 
SUPPIY VONAGE. VG Go Sages nts Sea cas Sales bias carats aad eau ae se ad aioe doe eae Veet padeeaeeaenes -0.5Vto7V 


VPUt VORA S22 seca 2 eres aces da 65 0:8 wore 008 ales Scare en ae seeeseis aeebace Secdce duttan ‘eeu aia tor oui vcteloto 8 'wiginierbtarote tinny wis oravbcevans seins -15Vto7V 
Off-state Guiput VONAGE! i103 noo tec de anata vee sa tealwacndtuneie vactine Roan dae vend perensdey eae eat Gis alersiewiels -05Vto55V 
Storage temMperattre: ai cs sack cis lai Ws e's Sictasete. oie aig,araies iavavace Ginse o a:bidcolord baru arelpcese bie p-Udiavores aletyieio 0 "G.0.giP ww eiacd ialebi eee -65° to +150°C 


Operating Conditions 67401/2 


SYMBOL PARAMETER | FIGURE | ae COMMERCIAL z 


Supply voltage | | 48 
Operating free-air temperature = aan 0 : 75 
tsIHt Shift in HIGH time 
tsIL Shift in LOW time 
Input data setup 
tIDH Input data hold time . 
















tsout Shift Out HIGH time 3 

SOL Shift Out LOW time 
Master Reset pulset RC 
[tvs | _ Master Reset to SI Se are ee es 








Switching Characteristics 67401/2 over Operating Conditions 
COMMERCIAL 


SYMBOL PARAMETER . | FIGURE | MIN Typ MAX UNIT 


jtiaut | ShittintoinputReadyLow | tf as 
tint | ShiftintoinputReadyHiGH | tf 
four__|_ShiftOutrate ps Me 
tort | Shift OuttoOutputReadyLow | 5 | 
tonHt | Shift OuttoOutputReadyHIGH | 5 | 
topH | Output Data Hold (previousword) | 5 | 9 
[tops _| Output Data shift (nextword) | | 8s 
|ter____| | Datathroughput or“fallthrough” | 48 | ns 
[tmrorL | MasterResettoORLOW | to | ns 
JtMRIRH | MasterResettolRHIGH | 10 | ts 
‘tip | InputReadypulseHIGH || 20s 
[top | Output Ready pulseHiGH | sf aos 
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Electrical Characteristics over Operating Conditions 


° 


It} Low-level coe) Veg = MAX Wy = 048V 
CC > : 
lwo input current S|, SO 
VoL Low-level output voltage Voc = MIN lol = 8mA 7 ; 
VoH_ | High-level output voltage Voc = MIN loH = -0.9mA 
67401 
67402 
. 67401A 
All inputs low. 
All outputs open.| 67402A 
67401B 
67402B . : 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
{There are absolute voltages with respect to degree GND (PIN 8 or 9) and includes all overshoots due to test equipment. 


Vic Input clamp voltage Voc = MIN I) = -18mA 
| 
! 


Voc = MAX 


Supply current 





Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Fig. 10) to . 


prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 


D, inputs. Data then present at the data inputs is entered into . 


the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
_the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 


end of the device while empty locations will “bubble” to the front. ° . 
‘tpT defines the.time required for the first data to travel from input ae 


to the output of a previously empty device. 


Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
_ Provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 


HIGH. If the FIFO is emptied, OR stays LOW, and O, remains as 
before, (i.e. data does not change if FIFO is empty). 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpt) or completely empty (Output Ready 
stays LOW for at least tpt). 


AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitance and/or 
poor supply decoupling and grounding. We recommend a 
monolithic ceramic capacitor of 0.1 uF directly between VCC 
and GND with very short lead length. In addition, care must be 
exercised in how the timing is set up and how the parameters are 
measured, For example, since an AND gate function is asso- 
ciated with both the Shift In-Input Ready combination, as well as 
the Shift Out-Output Ready combination, timing measurements 
may be misleading, i.e., rising edge of the Shift-In pulse is not 
recognized until Input-Ready is High.If Input-Ready is not high 
due to too high a frequency or FIFO being full or affected by 
Master Reset, the Shift-In activity will be ignored. This will affect 
the device from a functional standpoint, and will also cause the 
“effective” timing of Input Data Time (t;pH) and the next activity 
of input Ready (tjRL) to be extended relative to Shift-In going 
High. This same type of problem is also related to tiRH, toRL’ 
and tOoRH 8s related to Shift-Out. , 
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SHIFT IN 






INPUT READY 


INPUT DATA 





SHIFT IN 


INPUT READY 


____ HOLD TIME 


INPUT DATA 45 ns 


> kesSns 


Figure 2. Typical Waveforms for 10 MHz Shift In Data Rate (67401/2) 





SHIFT IN 


INPUT READY 








TOHV ANON ONOTHYOKOHYOTCNYOTYNKOTVYOTCHYOYOTENYUTNYOKUYOY 






NNNNNNHHHHEIHHHEXXXRHHE XXX 





OOOO OOOO 


AK AAAXAAAKAXAXAXAL 
Figure 3. The Mechanism of Shifting Data into the FIFO ae 


0) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

@) Input Data is loaded into the first word. _ 

@) ‘Input Ready goes LOW indicating the first word is full. 

@ The Data from the first word is released for “fall-through" to second word. 

@) The Data from the first word is iransterred to second word. The first word is now. empty as indicated by Input Ready HIGH. 
If the second word is already full then the data roridis at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored. (See Figure 4.) 
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SHIFT OUT 


SHIFT IN 





INPUT READY 


VA AAA N 


YIN HYYY 


WY 


nn 
OH 





AXA AAAAAAAXX AAA AAA AAA? 


Figure 4. Data Is Shifted In Whenever Shift In and input Ready are Both HIGH — 


a) FIFO is initially full. 


@ Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
G) Shift In is held HIGH. . 
G)As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


G) The Data from the first word is released for “fall through” to second word. 





$$ — Oy 






SHIFT OUT 


OUTPUT READY 








ARNT 
WAY 






OUTPUT DATA 








Figure 5. Output Timing 


C) The diagram assumes. that at this time. words 63, 62. 61 are loaded with A. B. C Data. respectively. 


@ Data is shifted out when Shift Out makes a HIGH to LOW transition. 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 





Figure 6. Typical Waveforms for 10 MHz Shift, Out Data Rate (67401/2) 


@ The diagram assumes, that at this time. words 63, 62, 61 are loaded with A, B, C Data, respectively. 
@) Data in the crosshatched region may be A or 8B Data. 





SHIFT OUT 


OUTPUT READY 


AAA) 


NAAN) 
XXX. 


OUTPUT DATA 


‘() 


‘iY 


AHN, 





Figure 7. The Mechanism of Shifting Data Out of the FIFO. 


CG) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

@) Shift Out goes HIGH causing the next step. 

@) Output Ready goes LOW. 

@) Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

Ga) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

(5s) (58) If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the oulpuis 


NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 





2-10 


67401A/2A/1/2, 67401B/2B Standalone 





SHIFT IN 


SHIFT OUT 


:—$§$£_ tpt ——______—___+ 
. topH——> 
OUTPUT READY 


Figure 8. tp7 and top, Specification 


Q) FIFO initially empty. 





OUTPUT READY 


OUTPUT DATA 





Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


C) Word 63 is empty. 


@) New data (A) arrives at the outputs (word 63). 
(3) Output Ready goes HIGH indicating the arrival of the new data. 
@) Since Shift Out is held HIGH. Output Ready goes immediately LOW. 


G) As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready. 
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MASTER RESET 


INPUT READY 


OUTPUT READY 





en aa 
SHIFT IN 


Figure 10. Master Reset Timing 


C) FIFO initially full. 
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First-In First-Out (FIFO) 64x4 64x5 


Cascadable Memory 


C67401 C67401A C67401B 
C67402 C67402A C67402B 





Features/Benefits 

e Choice of 16.7, 15 and 10 MHz shift-out/shift-in rates . 
© Choice of 4-bit or 5-bit data width 

e TTL Inputs and outputs’ 

e Readily expandable in the word and bit dimensions 


e Structured pinouts. Output pins directly opposite corres- 
ponding input pins 


e Asynchronous operation 


Description 


The C5/C67401B/2B/1A/2A/1/2 are “fall-through” high speed 
First-In First-Out (FIFO) memory organized 64 words by 4 bits 
and 64 words by 5 bits respectively. A 16.7 MHz data rate allows 


Block Diagrams 


C67401A/B 64x4 











62 X 4 BIT 
REGISTER 


INPUT 


READY REGISTER 


CONTROL 
LOGIC 











OUTPUT 
CONTROL 


SHIFT LOGIC 
IN 


_ MASTER RESET 


Pin Configurations 
C67401A/B 64x4 


NC vcc 


INPUT READY SHIFT OUT 


SHIFT IN 


OUTPUT READY 


DATA IN 


MASTER RESET 













Ordering Information 


PART 
NUMBER | pKa | TEMP DESCRIPTION 














usage in digital video systems; a 15 MHz data rate allows usage 
in high speed tape or disc controllers and communications buffer 
applications. Both word length and FIFO depth are expandable. 

























C67402A/B 64x5 
Oo 
Do 01 
D 62x5 BIT 02 
INPUT 
on STAGE reaister [_ TAGE 03 
03 
Dg ——> 
iNPUT 
READY INPUT REGISTER OUTPUT 
CONTROL CONTROL = CONTROL 


LOGIC =| E LOGIC LOGIC 


MASTER RESET 


C67402A/B 64x5 





FIFO 
C67402/A 











Cascadable. 





Absolute Maximum Ratings 


Supply Voltage VGC. ersccsteerscusversetincenseeldeebadedinens Ms abet a utices pak bps ONES ESN arlie -0.5Vto7V. 
[APUt VON AGC ira ca cc sisicearatesecn: secu ena a Bsorereieresa ‘siase Giv ood gina Bats eraeteual Modine sig gs Soa M ei Wao ews CONRAN A eaadie ee baue's oe eae -15Vto7V 
Off-state output voltage ......... cc cece cence ccc ecesceeeeees whkeeoae tag dibeara'ewiasesOWdrecale tou! oO sed epee seb nee Wid ore Se -0.5Vto5.5V 


Storage temperature .......- 6. sees eee eee e tence ee ee ance es A ecley lesan wuekats ON Le ica aing uatautewa ee -65° to +150°C 


Operating Conditions 


ome] ter [ren a a 
eee eee ee ee 
cS 
ont Snitinnichime | Ci 

rtsu_[sritinowsime Ss tte 

ros [inmitantnseu iP fo 
Pion [mit astanagsine iY aC 
[sod [sioaneiee fs ef 


tmRW Master Reset pulse 


























a|ajfua 
nN 
a 





_— 





Switching Characteristics Over Operating Conditions 


| 67401B/2B 67401A/2A 67401/2 
MBE ag Sore ee | FIGURE | yu TYP MAX|MIN TYP MAX|MIN TYP Max| UNIT 


Sa 
Finn | Sritintonpunewtow | 1 | =| Se] | 
Fun | SritintoinputreswyaGH | 1 | S| | 
tour [Sitowtte ——SSSSCiYS te SC*dSSC*~diOSCSC*~C*é«~rtC | 
Font? | Shit OuttoOuputreaayiow [5 | wet |S 
one _[ Shit outtoOupatresayincH | s| |_| re | 
Foot | Output Data Hlsorevousworsy [5 [a «do —SC=~dOSSCS~*éidrCi 
[00s | Gunite sit nextwor) |__| 

fee canine anata | Gao eas a 
won | NastermesettooRtow | 0 | 

Peuninit [NesternesettomHiGH | 0 | =| ao] Se | 
Fup | nputResay use HiGH | «ie —SsiSSC=*idSCSC*~*~diCia 
Lori [owpuresrese nit [ess 


+ See AC test and High Speed application note. . 
*This parameter applies to FIFOs communicating with each other in a cascaded mode. 






or} om 





Input Pulse 0 to 3 V 
Input Rise and Fall Time (10% - 90%) 
_ §Sns minimum 
Test point* Measurements made at 1.5 V 


Test Load 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 
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Absolute Maximum Ratings 


Supply VOlAde VEE co tsswenaredarnawaneuonve ted ncraas eax sewdebiginus Veen SMeaveane ye as ane deeenes Seeree. O5VtOTV 
JPIPUEVONA GS: secs ew dss ee 0d ic 55 Sew ew erw cancer blvraile re He, bela 6 65% ose bLbsalS aunvelg oe ce Sepn 0-9 Ara oie’ « 16:06 5, co! 0°8% wie loses 8 618 4,0: wh Sue capa eran e Seats -15Vto7V 
Off-state Output. VOIAGE oe << ssc.csee st ceesctee sit eed 6 oe sien ePibig wie Wise we eae eddie edd o aiele SG seeHUere bebe Car ae ee -0.5V to5.5V 
Storage temperature. s.cccie-csacsie grececs.dre eee esis io Wie bb eieere ae ba eeleiew ules ee oF aee bowie eas SegOewN dS eae eee ae e8 -65° to +150°C 


Operating Conditions C67401A/2A 


COMMERCIAL 
SYMBOL PARAMETER | Figure | MIN TYP MAX UNIT 


[Voc | Suppyvottage | 
|Ta___| Operating tree-airtemperature | fo 
ftsixt_ | ShiftiniGHtime fs 
tSIL 25 | ns | 
ios | ns | 
tiDH 40 jp st8G) 
‘Sout ns | 
‘SOL Ea ee ee eee ee 
[tvs | MasterResettos! | tos Ts 














—_ 





Switching Characteristics C67401A/2A Over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE MIN TYP MAX UNIT 


Io] SR 
‘int | ShiftintoimputReadytow | tf 
tint | 40| ns | 
fourt a 
















15 
tort | Shift OuttoQutputReayytow | sf 
torHt 
toDH 10 | : 

tops _| Output Data Shift (nextword) |S 
tpr__|_Data throughput or “fall through” | 4,8 
(MRORL 
tMRIRH 
tipH" 


23 
topH*_| _ Output Ready pulse HIGH 
t See AC test and High Speed application note. 


*This parameter applies to FIFOs communicating with each other in a cascaded mode. 








C67401/2 Cascadable © 








Absolute Maximum Ratings 


Supply voltage Vo .- eee e cece eee e cece eet ee cence eeneees 
INPUT VOITAGE: vie sice eee cect eee sawed ceeeulen ews cee e eee ee 
Off-state output Voltage ....... cece cece eee eect een eet eee 
Storage temperature .... cece eee eee ence eee c eee e eae nes 


Operating Conditions C67401/2 


SYMBOL PARAMETER | FIGURE MIN TYP 


Come mere e tere rr eer eee erverresesereveseeeresesersv ees 


Cee ee erm meee r eres reese reeesseneresesesesseeereserresve 


Cee e eee meme rer seers sees eeesesoereesesseeesesesereone 


Pe ee reer eres er ere ese reeserereeereeerensneeeessere 


COMMERCIAL 


Supply voltage Ra ae 5 6.25 


| 


SYMBOL PARAMETER 


Shift in rate 


tint 


. t See AC test and High Speed application note. 


5 


0 
2 
3 
aa a eee eae 
; 





* This parameter applies to FIFOs communicating with each other in a cascaded mode. 
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-0.5Vto7V- 
-15Vto7V 


MAX UNIT 


C67401B/A/2B/2A/1 /2 Cascadable 








Electrical Characteristics over Operating Conditions 


= -18mA 


Input clamp voltage Voc = MIN 1 


Low-level Do-Dn, MR 
{Lo input current SI. SO 


High-level input current Voc = MAX MF 2.4V ; 


Voc = MAX V,; = 0.45V : 


High-level output voltage Voc = MIN loH = -0.9mA 
Output short-circuit current * | Voc = MAX Vo = OV 


 ©67401 
Veo=max [287402 
: CarA0iA 
All inputs low. mA | 
Alloutputs open. |__C6702A 
C674018 
C674028 


Low-level output voltage Voc = MIN lor = 8mA 


Supply current 





*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
tThere are absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshoots due to test equipment 


Functional Description 


Data Input . 

After power up the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
Dy inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 


Data Transfer | 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will “bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 


Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 


HIGH. If the FIFO is emptied, OR stays LOW, and O, remains 
as before, (i.e. data does not change if FIFO is empty). Input 
Ready and Output Ready may also be used as status signals 
indicating that the FIFO is completely full (Input Ready stays - 
LOW for at least tpt) or completely empty (Output Ready 
stays LOW for at least tp). 


AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing util- 
ized within the design. The internal shift rate of the FIFO 
typically exceeds 20 MHz in operation. Device grounding and 
decoupling is crucial to correct operation as the FIFO will 
respond to very small glitches due to long reflective lines, 
high capacitance and/or poor supply decoupling and groun- 
ding. We recommend a monolithic ceramic capacitor of 0.1 
uF directly between Vcc and GND with very short lead 
length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift 
In-Input Ready combination, as well as the Shift Out-Output 
Ready combination, timing measurements may be mislead- 
ing, i.e. rising edge of the Shift-In pulse is not recognized 
until Input-Ready is High. If Input-Ready is not high due to 
too high a frequency or FIFO being full or affected by Master 
Reset, the Shift-In activity will be ignored. This will affect the 
device from a functional standpoint, and will also cause the 
“effective” timing of Input Data Time (t}pH) and the next 
activity of Input Ready (t)RL) to be extended relative to Shift- 
In going High. This same type of problem is also related to 
tiRH, toRL and toRH as related to Shift-Out. 


SSS a a a ESE RS MR Sg REE EB PF IE NA PU SEG 
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SHIFT IN 





INPUT READY 


ANTITKTINTITNEN 
AY 


INPUT DATA 





SHIFT IN 


INPUT READY 


INPUT DATA 





SHIFT IN 


INPUT READY 













YYYNIHHEARNHEHHH XARA 


neuron A — seo — XE OY IIHS HHH 





Figure 3. The Mechanism of Shifting Data Into the FIFO 


©O) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

@) Input Data is loaded into the first word. 

@) Input Ready gues LOW indicating the first word is full. 

G) The Data from the first word is released for “fall-through” to second word. 

G) The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. | 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains tow. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4). 
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- 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


Gd) FIFO is initially full. 


Q@) Shift Out pulse is applied. An empty location starts “bubbling” to the front. 


G) Shift In is held HIGH. 


Gs soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 





@) The Data from the first word is released for “fall through” to second word. 





SHIFT OUT 






OUTPUT READY 


OUTPUT DATA 


CG) The diagram assumes, that at this time, words 63. 62, 61 are loaded with A, B, C Data. respectively. 


@) Data is shifted out when Shift Out makes a HIGH to LOW transition. 


Figure 5. Output Timing 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 





Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate 


0) The diagram assumes, that at this time. words 63, 62, 61 are loaded with A. B, C Data. respectively. 


® Data in the crosshatched region may be A or B Data. 





SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 





Figure 7. The Mechanism of Shifting Data Out of the FIFO. 


QC) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 
@) Shift Out goes HIGH causing the next step. 

@) Output Ready goes LOW. 

©) Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 


lf the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 
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SHIFT IN 
SHIFTOUT 
—<—_M—$A A to. ___—_> 
toPpH——>" 
OUTPUT READY 
C) FIFO initially empty. 
Figure 8. tpy and topy, Specification 





SHIFT OUT as ae 


SIIIATIAI IAI 







OUTPUT READY 


TUUUU UU UUUU UU UU UU UU UU UUUU UU 





OUTPUT DATA A-DATA 


PSA AS AAR CAAA AAAAAAAAAAAAAAS 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


CQ) Word 63 is empty. @) Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@) New data (A) arrives at the outputs (word 63). @® As soon as Shift Out goes LOW the Output Data is subject to change 
‘ as shown by the dashed line on Output Ready. : 
G) Output Ready goes HIGH indicating the arrival of the new data. 





MASTER RESET 


INPUT READY 


OUTPUT READY. 


- tMRS 
SHIFT IN 


CG) FIFO initially full. Figure 10. Master Reset Timing 
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INPUT READY SHIFT OUT 
SHIFT IN ——»] S! - OUTPUT READY 
DATA IN DATA OUT 





MASTER RESET O 


Figure 11. Cascading FIFOs to Form 128x4 FIFO with C5/C67401A/1 


=IFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the 
FIFOs themselves. 








SHIFT OUT 












COMPOSITE 
INPUT READY COMPOSITE 


OUTPUT READY 


SHIFT IN 





MASTER RESET 


Figure 12. 192x12 FIFO with C5/C67401/1A/1B 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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Applications 


RESET 


C67401 





NOTE: The output of monostable holds off the “Buffer full” interrupt for 
100ns. If 100ns after shift in, there has not been an input Ready to reset 
the “D Flip-flop” an interrupt is issued, as the FIFO is full. The CPU 
then empties the FIFO before the next character is output from the 
tape drive. 





Figure 13. Slow Steady Rate to Fast “Blocked” Rate 











C67401 


SYSTEM A 


SYSTEM B 






TRI-STATE 
REGISTERS, 






67401 


- 64x8 
OR 


so 


NOTE: Both depth and width expansion can be used in this mode. The IR and 
OR signals are the anded versions of the individual IR and OR signals. 


Figure 14. Bidirectional FIFO Application 
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Low Power | 


First-In First-Out (FIFO) 64x4 


Memory 
67L401 





Features/ Benefits 

¢ Guaranteed 5 MHz shift-out/shift-in rates 
¢ Low Power Consumption 

© TTL inputs and outputs 

* Readily expandable in the bit dimensions 


© Structured pinouts. Output pins directly opposite corres- 
ponding input pins 


¢ Asynchronous operation 


e Pin compatible with Fairchild’s F3341 MOS FIFO and much 
faster _ 


Description 


The 671401 is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x4-bit 
structurd and easily expandable to any width. A 5 MHz data rate 
with fast “fall through” time allows usage in tape and disc 
controllers, printers and communications buffer applications. 
This data rate is much faster than a comparable MOS device. 
The FIFO is a register-based device. Data entered at the inputs 
“falls through” to the empty space closest to the output. Data is 


shifted out in the same sequence it is shifted in. Also, the width’. 


So 


can be increased by putting the Input Ready signals through ans, j 
"ag 


AND gate to give acomposite Input Ready. Similarly, the Output 
Ready signals should be gated to form a composité, Qutput 


Ready. pd NN 
Generally, FIFOs are used in digital systems erforming data 


Ordering Information 


| PART 


67.401 5 MHz 64x4 FIFO 
67L401 5 MHz 64x4 FIFO 









Block Diagram 
67L401 64x4 






oy “lg, “he = 
ial "hy 
(Co) 


"peed 
“anetll aa 


Me ps lod, 
WZ 


Mi 


MASTER RESET 


; et a 
transfers when source and receiver are not Prerating pt the Via “oy, oy 


same data rate. FIFOs are also used as data'butfers. w iére the 


WY)” 


source and receiver are not operating-at the 


67L401 is particularly useful where loucpowel-cohsumptiofijs. 
aN 
“a, ; 


critical. 


Plastic Chip Carrier 


the-time. The ™ 





al 


NC vec 
INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 
bo - 67L401 00 
D1 64x4 01 
DATA IN outputs 
D2 02 
D3 03 
GND MASTER RESET 
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Absolute Maximum Ratings : 
SUPPIV VOMAGEV Gee eas seca nerasitw a aneuauy densa soins cla uesteee woe teeny Piece bah big end Pad alae eee eae tak kate -05Vto7V 


[Input VONAGE: axcsiediden ol circeteste me ce occas owes ish Gh DER ae ghee ak akon aoe otdsewseee eee -15Vto7V 
Olfrstate OUtpul vonage tect Cetra tn eves aeene dhs ph ealio Re viene Pesulane oe mab nana ten nek eedeaeaaeens -0.5V to5.5V 
DIOMAGE LEMPORANUNE nc.2ate's Guages, Jal Aah tah iia Mare elk eoek Maro weed a tena ore. ow BA PEE Uae bitngncieaia dtd wo esrou aati -65° to +150°C 
Operating Conditions 

SYMBOL PARAMETER mame], asia UNIT | 


nnd 
i?) 
ti 


eueey — 


[eben reoartonpeawe 

out [Se Oa Re] 

ewe eee oe 

Twas —[MaserResetio St CRIN ON 
A Ao 


Switching Characteristics over Operating oni 


Troma | ren 2 [ri 5) Tow 
a eS Cn 
a MS i 
Ee RL Nea AS, 
oes SN NS 
tort Shift Out joTtpyt Realy LOWA \Y AK 5 | 
mC 
[toon | Quputeeaiastpreygte’ Ree 
nea | Weer rt REN [er 
[ MasterResstio HIGH YO SSCSCSC~C~SS 
teu’ | WeputReadypusoHiGH ——=«d| # | SS™~—SCSCSCSY 
[OuiputReadypueenigh te | SSCSCSC~‘~C~* 


+t See AC test and application note. 








rb 


* This parameter applies to FIFOs communicating with each other in a cascade mode. 


Test Load 
5V 
; Input Pulse 0 to 3 V 
i 5601) * Y Input Rise and Fall Time (10% - 90%) 
The “TEST POINT” is driven by the output under test, * © §Snsminim 
; TEST POINT um 
and observed by instrumentation. 
ery 30pF Measurements made at 1.5 V 
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Electrical Characteristics over Operating Conditions 


TEST CONDITIONS MIN TYP MAX | UNIT 


Tn 










SYMBOL PARAMETER 
Low-level input voltage 


‘Input clamp voltage | Voc = MIN 

| Low-level Do-D3 MR 

IL1 . o's Voc = MAX 

Wa input current | SI,SO 
High-level input current Voc = MAX 


High-level output voltage Voc = MIN 
| los | Output short-circuit current* Voc = MAX 


Supply Current 





t This is an absolute voltage with respect to device GND (Pin 8 or 9) and includes all ovérshoots 4 
After power up the Master Reset is pulsed low (Fig. Ws KC Ready may also be used as status 
prepare the FIFO to accept data in the first location When Input signa at the FIFO is completely full (Input Ready 
v OF, 

t 


Functional Description 
Data Input 






Ready (IR) is HIGH the location is ready to accenrGate 
D, inputs. Data then present at the data inpyteté.¢e 


the first location when. the Shift In (SI) is pfgtg? : 
HIGH signal causes the IR to go LOW. p EE 
location until SI is brought LOW. WherKS\idpraug 










iI “bubble” to the front. 
tpt defines the time required for the first wata to travel from input 
to the output of a previously empty device. - 


Data Output | 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 






provided that stage has valid data, is shifted to the output stage. 


When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 





-0.8| mA 
204 
Vii cAoy . -1.6 | mA 


in| Vj =2.4V 

Ph V, = 5.5V _ 
[Vou | tow-evel outputvotage | Voo=MIN[lon=8mA___ NCTM |v 
| Yor _| lon=-oama {( \\Mpe2q 





_ Vg =0V 
Voc = MAX Inputs Low, Outp 





stack up at the’ 


















<(O): WE 


SL rw 00 ma 
2S 


@ to test equipment. 













leasttp7) or completely empty (Output Ready 
least tpt). : 










_AC Test and Application Note 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing. Though the 
external data rate is 5 MHz internally the device is several times 
as fast: Device grounding and decoupling is crucial to correct 
operation, as the FIFO will respond to very small glitches caused 
by long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. We recommenda monolithic ceramic 
capacitor of 0.1 uF directly between Voc and GND with very 
short lead length. In addition, care must be exercised in timing 
set up and measurement of parameters. For example, since an 
AND gate function is associated with both the Shift In-Input 
Ready Combination, as well as the Shift Out-Output Ready 
Combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse is not recognized until Input- 
Ready is High.!f Input-Ready is not high due to too high a 
frequency, or the FIFO being full or affected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device froma 
functional standpoint, and will also cause the “effective” timing 
of Input Data Time (t}p}) and the next activity of Input Ready 
(tiIRL) to be extended relative to Shift-In going High. 
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SHIFT IN 


INPUT READY 














INPUT DATA « 
>| 


tips 
Figure 1. input Timing 
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AAAOKKUAKUNKUNKUOKUONAONKONKONKONKUONAONKOUKAFKUFKUFKORKONKOHLOH 


. Figure 3. The Mechanism of Shifting Data Into the FIFO 





GQ) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 
@) Input Data is loaded into the first word. 

@) Input Ready goes LOW indicating the first word is full. 

@ The Data from the first word is released for “fall-through” to second word. 

G) The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. | “* 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready romaine leis 


NOTE: Shift in pulses applied while input Ready is LOW will be ignored (See Figure 5). 
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SHIFT OUT 
SHIFT IN 
INPUT READY ; ‘ 
ETTETHTTNTTTETTIT LATE TET ESTO TETTTT TERT re © 
| ; 7; 
nooo ARAN SSeen 9 









Figure 4. Data is Shifted In Whenever Shift In and-drip or 2 


ly are NS 
GQ) FIFO is initially full : r : SG 

(2) shit Out pulse is applied. An empty location start “bubbling” to th t. : 

(3) shit in is held HIGH. | 

CAs soon as Input Ready becomes HIGH the Input Datas into the first wo 

(5) The Data from the first word is released for “fail (CY se word. G . 





SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


CQ) The diagram assumes, that at this time. words 63. 62. 61 are loaded with A. B. C Data. respectively 


_ Figure 5. Output Timing 
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SHIFT OUT 


OUTPUT READY 






OUTPUT DATA 





venus), 
Figure 6. Typical Waveform for 5 MHz SH ag Rate , 


® The diagram assumes, that at this time. words 63, 62, 61 are loaded with A. K&, 







® Data in the crosshatched region may be A or B Data. 





SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


O) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

® Shift Out goes HIGH causing the next step. 

@ Output Ready goes LOW. 

@) Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

G) Output Ready goes HIGH indicating that new data (B) is Now available at the FIFO outputs. 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
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67L401 








SHIFT OUT 


topH——> 


OUTPUT READY 


FIFO initi 
© initially empty Figure 8. tpy and top)4 Specification 









SHIFT OUT 





; tne [hs ey a : 
Cn fRETTTT 


OUTPUT READY ——= Z f atta APE (i i at 


, 


% 


one 


y Ws EAXKKAAAAKARAAARARARARAAAARARR 
AE GN 
utput 





OUTPUT DATA _ 







Figure 9. Data Is ,Shifteg Whangrer Shift NS n c Ready are Both HIGH 
® Word 63 is empty. — C) f "AA Ys S$ou is held HIGH, Output Ready goes immediately LOW. 






: As soon as Shift Out goes LOW the Output Data is subject to change 


@) New data (A) arrives at the outputs (word 63). 
* 8 shown by the dashed line on Output Ready. ; Se 





con SS 
sates = eo 


OUTPUT READY 





SHIFT IN 


® FIFO initially full. | ; 
Figure 10. Master Reset Timing 
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SHIFT OUT 






COMPOSITE. COMPOSITE 


INPUT READY a 







SHIFT IN 









FIFOs are expandable in depth and width. However, in forming widerwords two exter f gates fie required to:generate composite 
Input and Output Ready flags. This need is due to the differént*tall thtough tim _ohttie FIEO: / ; . 


CxS 
s e 
Applications ; el 
FIFOs are typically used as temporary dat aan san also be used in a bidirectional operation as 
mismatching data rates. Such an applicatidn i In’Figure 14. 


Figure 13. ° 


2x67L401 
64x8 













_ {8-BITD N- 2x67L401 OO Lane 
PAPER ae a ; 64x8 ead f CPU 


TAPE 
Beas Rea 


READER 











NOTE: Both depth and width expansion can be used in this mode. 


Figure 13. FIFO As Data Buffer Between Slow Steady Rate - ae ; 
- and Fast ‘Burst’ Rate Figure 14. Bidirectional FIFO Application 








2-31 


First-In First-Out (FIFO) 
64x4 64x5 Memory 
15 MHz (Cascadable) 


C67L401D 
C67L402D 





Features/ Benefits 

High-speed 15-MHz shift-in/shift-out rates 
Low power consumption 

Choice of 4-bit or 5-bit data width 

TTL inputs and outputs 

Readily expandable in word width and depth 


Structured pinouts. Output pins directly opposite . 
corresponding input pins 


High-drive capability 


Asynchronous operation 


Description 


The C67L401D/2D are “fall-through” high-speed First-In First- 
Out (FIFO) memories organized 64 words by 4 bits and 64 words 

“by 5 bits respectively. The FIFO is expandable in word width and 
depth. The FIFO is attractive for many applications such as disk 
controllers, communication buffers, rate buffers, etc. They 
feature high-drive (lO = 24 mA) outputs. 


Pin Configurations . 


NC vec 
INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 
Do 00. 
C67L401D a 
D1 01. 
DATA IN OUTPUTS 
| pa 02 
D3 03 
GND MASTER RESET 








Ordering Information 
PART 


NUMBER | Ke | TEMP DESCRIPTION 













C67L401D 
(C67L402D) 













64x4 BIT 
(64x5 BIT) 
REGISTER 


REGISTER 
CONTROL 








OUTPUT 


MASTER RESET 


C67L402D 


“OUTPUTS 











C67L401D C67L402D 





Absolute Maximum Ratings , 
Supply voltage Voco 5,0 ta refs edhe brace! dust che cavetats ae aiacgt avs ferafa’ et eaye esa bsg wie fuged idea aid ghudiad ond Grave eyaie: oraroreievwio'e/Siowaraely ». O5Vto7V 


INPUL VONAGE: seiaias Sisco o's Goatees stere sisters: Seaerale ire sotesbealGselasie suis asda clvleNe dia dls BR's g Bales arbiwlord leds eid cole wsavaus Seavaretemiacecne woos -15Vto7V 
Off-state output VOltAGE <i.5.5 is isis esis swe ee veins eieedied slejele os be Gale's dG edudG wi dibed ob 4bbe 4 O00 Tae wale cee eee -0.5V to 5.5 V 
StOrage TEMPSrateres: xg isiesecacdishevse Wie eb-5 ee wij ocg bis acole wir alas bee oto'e bee Bisig wckss bialNi¥ 9 wale a4 a gee aD 8 lalbialvlatecelaccnelaee -65°C to +150°C 


Operating Conditions Over Temperature Range 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE aig Vi “max {UNIT 


vec | Supywotege—SSSCS*~“~*~“~*~*~*~sSC“‘“‘“zTN'™SO™#*#*CS”S#O#~#C~#~‘*SS| VY 
EN 
z 
tSIL Shift in Low time 5 


tSOH Shift out High time 
tSOL Shift out Low time 


[eras 3 TS 
Faas | MasterResetiosr ———SSCS™C~—S fs SCSC~C~—CS~—S 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
** See AC test and high-speed application note. 

























26 








26 







MHz 







17 




















Electrical Characteristics Over Operating Conditions 


COMMERCIAL 
PARAMETER TEST CONDITION TYP MAX UNIT 


SYMBOL 

Coe aaa EE THE 
Hiobietinpuvotage | —SSSSCSC—iS 
‘inputcampvotage [Voo=MN_[y=-ima[ —SS~S~S~S~S BV 


a Output,O | Vcc = MIN lOL = 24mA 
Low-level CC OL 05 Vv 
Output voltage PiR,OR | Voc = MIN lol =8mA 
High-level Vec=MIN [lo =-3.0mA 
Output voltage Sonia Voc = MIN IOH = -0.9 mA 
| Output short-circuit current” | short-circuit current* | VCC = MAX P2000 80 | 


Voc = MAX 
Supply current All inputs low. L401D/2D 
All outputs open. 


P : Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
These are absolute voltages with respect to GND (Pin 8 or 9) and include all overshoots due to test equipment 
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Switching Characteristics c Over Operating Conditions 


SYMBOL PARAMETER Go ee Se er ae UNIT 


tIRLT Shift In t to Input Ready LOW 


tort Shift Out 1 to Output Ready LOW 


toRHT | Shift Out! to OutputReadyHIGH = Out | to Se ae aay Ready HIGH 




























toDHT | Output Data Hold (previous word) Data Hold (previous word) 
toDs | Output Data Shift (next word) Data | Output Data Shift (next word) (next word) 
tPT | Datathroughput ss ee 


OAL Master Reset ! to | Master Reset |to OutputReadyLOW si Ready LOW 
[Outputready iio Datavald ———SsSC~=~“‘*é‘“dRSC*sSC*d 


* Ifthe FIFO i is not full (IR High), MR low forces IR low, followed by IR returning high when ‘MR goes high. 
t See AC test and high-speed application note. 
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Standard Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2>= 30pF 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10%-90%) = 2.5ns 
Measurements made at 1.5 V 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready. (IR) is HIGH the first location is ready to accept data 
from the D, inputs. Data then present at the data inputs is 
entered into the first location when the Shift-In (SI) is brought 
HIGH. A SI HIGH signal causes the IR to go LOW. Once data is 
entered into the first cell, the transfer of data from any full cell to 


the adjacent (downstream) empty cell is automatic, activated by - 


an on-chip control. Thus data will stack up at the end of the 
device while empty locations will “bubble” to the front. toy 
defines the time required for the first data to travel from input to 
the output of a previously empty device. When S! is brought 
LOW and the FIFO is not full, IR will go HIGH, indicating more 
room is available. If the memory is full, IR will remain LOW. The 
FIFO should always be cleared by using master reset. 


Data Output 


Data is read from the Ox outputs. When data is. shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage, 
OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 





Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpt) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 20 MHz in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 uF 
directly between VCC and GND with very short lead length. In 
addition, care must be exercised in how the timing is set up and 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, as well as the Shift-Out-Output-Ready combina- 


‘tion, timing measurements may be misleading, i.e., rising edge 


of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 


‘standpoint, and will also cause the “effective” timing of Input 


Data Hold time (T}pH) and the next activity of Input Ready 
(TRL) to be extended relative to shift-in going HIGH. This same 
type of situation occurs with TORL and TORH as related to 
Shift-Out. For high-speed applications, proper grounding tech- 
nique is essential. : : 
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Vin 


Iq —————— 


SHIFT IN ft —— tq —> tsiL 


INPUT READY tial 


input pata \X/-— tion >I SAID 


tips 


tiRH —> 


Figure 1. Input Timing 





66.6 ns ———__—__—__> |<—__________——. 66.6 ns —___________» 


SHIFT IN fi 22 ns ——> an 


INPUT READY 40ns > 26 ns —> 


nouroara {EE UNTERTITEL 


—<— Ons 


Figure 2. Typical Waveforms for 15-MHz Shift-In Rate 


SHIFT IN 


INPUT READY 





nur oes IIE — so ITO EEO | 


Figure 3. The Mechanism of Shifting Data into the FIFO 


@ Input heady HIGH indicates space is available and a Shift-In pulse may be applied. 
@ Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 
@ Input Ready goes LOW indicating the first word is full. 
® Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
6) if the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 

. NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored ‘ : 
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SHIFT OUT 


SHIFT IN 


INPUT READY 





pur oxra ANY YHA YHYIN WYN YYYAY YHA YSOO YEO YY YY 2 YYW 
Figure 4. Datais Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift In is held HIGH 


OOOO 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


$$ _1/fgyt ——____xo—_——_——— lout pee 





SHIFT OUT *'— tSOH <—_—_——tsoL @ 
~—toRH 
OUTPUT READY toro +torRL 
——— tops——— 
topH 


comrann [vee Tome I 
= ) r | 


Figure 5. Output Timing 
@ The diagram assumes thatat this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. ORand SO are both high together. 


<——_—_——_—_——- 66.6 ns —— | <—_-—__——— 66.6 ns ——__—_—_______> 


SHIFT OUT 


45 ns : 
40 ns ; 


a er a ae 
oe ® | | | 


Figure 6. Waveforms for 15 MHz Shift-Out Data Rate 
@ The diagram assumes that at this time words 63, 62. and 61 are loaded with A, B and C Data, respectively. 


OUTPUT READY 





@ Data in the first crosshatched region may be Aor B Data. 
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(2) 
SHIFT OUT 
OUTPUT READY v7) heamramere’, fe ee et 
() 
. AYATAVAYAYATATA: 
OUTPUT DATA A-DATA (AAA B-DATA 


AORS 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 
Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


Output Ready goes LOW. 
Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 


©OOoO O&O 


\f the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFTIN © | 
SHIFT OUT 


OUTPUT READY 





Figure 8. tp7 and topy Specification 


@) FIFO initially empty. 
@)_ Shift Out held HIGH 


® 


SHIFT OUT X 


@ @ 


O oa YVITVIVIVITTTT7177'777777777 
OUTPUT READY ULLAL 
® ® fs : . 
VVAVVAAAAAAAAAAAAAAAAAAAAAS 
ourPUr DATA SD CN I 1000) 00000000 0000000000 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 
Word 63is empty. ; 
Output Ready goes HIGH indicating arrival of the new data. 
New data (A) arrives at the outputs (word 63). 
Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


As soonas Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. 


Q©O000 
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MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 





DATA OUTPUTS 


tMRO—>| 


@ FIFO initially partially full. 


Figure 10. Master Reset Timing 
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First-In First-Out (FIFO) | 


64x4 Memory 


15 MHz (Cascadable) 


C67L4013D 


With Three-State Outputs 





Features/Benefits | 

© High-speed 15-MHz shift-in/shift-out rates 

© Low power consumption 

© TTL inputs and outputs . 

¢ Readily expandable in word width and depth 


© Structured pinouts. Output pins directly opposite 
corresponding input pins 


© High-drive capability 
¢ Asynchronous operation 
© Output Enable feature 


Description 


The C67L4013D is a “fall-through” high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits. The FIFO is 
expandable in word width and depth. The FIFO is attractive for 
many applications such as disk controllers, communication 
buffers, rate buffers, etc. The C67L4013D has three-state, high- 
drive (lo_ = 24 mA) outputs. 


Pin Configuration 


C67L4013D 
vec 
INPUT READY [ 2 | SHIFT OUT 

SHIFT IN | 3| OUTPUT READY 
00 
01 

DATA IN OUTPUTS 

02 
03 
MASTER RESET 





Lesrisog0] Nd [Com | sstate [162 FIFO | 


Ordering Information 


PART 
NUMBER ree: euro | DESCRIPTION 










Block Diagram 


C67L4013D 





OUTPUT ENABLE 






64x4 BIT 















REGISTER 
CONTROL 
LOGIC 


OUTPUT 
CONTROL 
LOGIC 


INPUT 
CONTROL 






MASTER RESET 
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Absolute Maximum Ratings . 
Supply voltage VCC «1... se cece eee cece eeeeeees pceeiere Sve Neo edlaig (ee a ealere acere- a pbiare alate Sibce Sie signiedace te, Denes wees .. O5Vto7V 


Input Voltage ....... cee cece e eee cece eee ncereeees fo ccagacates 013 ie. Sia ld dacotererdcarSoieieig Selanins. aye’ fie cue eA iedion gieloidewieiett -15Vto7V 
Off-state output Voltage: iia. saces's siidis 3 Sos. e ste dinih oaelaaie s oloid oda 0 eloied nik eG Meee oul dee xiao Se ename cdeleledas -0.5Vto55V 
Storage temMPerature scsi aissesie sc coes wise kates ay slae hease sw hs ee ers eng bara Reva ase v's wpe eee Ne wa ale Sd Valwhierg Soa sele dees -65°C to +150°C 


Operating Conditions Over Temperature Range. 


COMMERCIAL 
SYMBOL PARAMETER | ricune | MIN TYP MAX UNIT 


i 













> 
~ 
oO 
oO 
on 
io 
on 
< 


nN 

Oo 
<= ° 
= QO 







Voc 
TA 
fIN 


nm 
| 


a fo ye) = 
oO) on 

_ 

or 


3 
a 


tSIL Shift in Low time 
tips Input data setup to SI (Shift In) 
tIDH Input data hold time to SI (Shift In) 


_ 
a 
= 
—c 
N 


tRIDS Input data setup to IR (Input Ready) rm 
tRIDH Input data hold time to IR (Input Ready) 
0 


NX 


— 
Fiwas | WasterResstiosr Sd fa 


* If the FIFO is not full (IR High), MA low forces IR low, followed by IR returning high when MR goes high. 
** See AC test and high-speed application note. ; 


1S] 





wo 
oa 





Electrical Characteristics Over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER TEST CONDITION MIN MAX UNIT 











Ne Low-level input current ..|Voc = MAX Vi, =0.45V -250 
High-level input current |Vog=MAX __[Vi=24V 
Vi = 

a 


Py | Maximum input current Voc = MAX mA 


Low-level Output, O : loL = 24mA 
VOL Output voltage Vec = MIN lo =8mA Vv 





High-level Output, O IOH = -3.0 mA 
Output voltage pee IOH = -0.9 mA © = Y 
-20 


los Output short-circuit current* | Vcc = MAX Vo = 0V 
Voc = MAX A 


F Vcc = MAX ; 
All inputs low. All outputs open. 110 





** These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
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Switching Characteristics Over Operating Conditions 


COMMERCIAL — 
SYMBOL PARAMETER | FIGURE | sins MAX UNIT 


tiRLT Shift In t to Input Ready LOW 4 
tiRHT Shift In | to Input Ready HIGH 
tor-t Shift Out 1 to Output Ready LOW S 














tORHt Shift Out | to Output Ready HIGH 


5 
tODHT Output Data Hold (previous word) 12 
tpt Data throughput 
tMRORL Master Reset | to Output Ready LOW 
tMRIRH Master Reset t to Input Ready HIGH* 


tMRIRL Master Reset | to Input Ready LOW* 
Master Reset | to Outputs LOW 
Input ready pulse HIGH 


toDs Output Data Shift (next word) 








—_ 
NI 


—b 
for) 
ao} o + ol] ps 


: wololi 


—_t 
Za 





tIPH 
toPH 
tORD 
tPHZ 
tPLz 
tPZL 


[ean 


Note: Typicals at 5V Vcc and 25°C Ta. 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MA goes high. 
T See AC test and high-speed application note. 


Output ready pulse HIGH 
Output ready t to Data Valid 


Output Disable Delay, C67L4013D 


te) 
oO 





Output Enable Delay, C67L4013D . 


b 
Oo 


OUTPUT ENABLE 















S1AND . 
$2 CLOSED 


$1 CLOSED 


teZH 


$1 OPEN 


WAVEFORM 2 _ $2CLOSED —ti5V 


Vr =t5V $1 AND 
$2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is for an output with internal conditions such that the outputis low 
except when disabled by the output control. ; 

Waveform 2 is for an output with internal conditions such that the outputis high 
except when disabled by the output control. ; 
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Standard Test Load 


5V 


R1 


OUTPUT TEST POINT 


R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input . 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the Dy inputs. Data then present at the data inputs is entered 
into the first location when the Shift-In (SI) is brought HIGH. 
An SI HIGH signal causes the IR to go LOW. Once data is entered 
into the first cell, the transfer of data from any full cell to the 
adjacent (downstream) empty cell is automatic, activated by an 
on-chip control. Thus data will stack up at the end of the device 
while empty locations will “bubble” to the front. tpt defines the 
time required for the first data to travel from input to the output of 
a previously empty device. When SI is brought LOW and the 


FIFO is not full, IR will go HIGH, indicating more room is” 


available. If the memory is full, IR will remain LOW. The FIFO 
should always be cleared by using master reset. . 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 


output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be shifted 
out by bringing the Shift Out (SO) HIGH. A HIGH signal at SO 
causes the OR to go LOW. Valid data is maintained while the SO 
is HIGH. When SO is brought LOW the upstream data, provided 
the upstream stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW and Data output will 
not be valid. 





Three-State Test Load 


vec 


R1 
TEST POINT 





Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 


- Stays LOW for at least tpt). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 


‘exercised in the design of the hardware and the timing utilized 


within the design. The internal shift rate of the FIFO typically 
exceeds 20 MH in operation. Device grounding and decoupling 
is crucial to correct operation as the FIFO will respond to very 
small glitches due to long reflective lines, high capacitances 
and/or poor supply decoupling and grounding. Monolithic 
Memories recommends a monolithic ceramic capacitor of 0.1 uF 
directly between VCC and GND with very short lead length. 
In addition, care must be exercised in how the timing is set up 
and how the parameters are measured. For example, since an 
AND gate function is associated with both the Shift-In-Input- 
Ready combination, as well as the Shift-Out-Output-Ready 
combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse is not recognized until Input 
Ready is HIGH. If Input Ready is not high due to (a) too high a 
frequency, or (b) FIFO being full or effected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device froma 
functional standpoint, and will also cause the “effective” timing 
of Input Data Hold time (TjpH) and the next activity of Input 
Ready (TjRL) to be extended relative to shift-in going HIGH. 
This same type of situation occurs with TORL and TORH as 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 


—_—_——— SS MK 
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(yj $$$ |My ——__" 


tRH—> 


INPUT READY tiRL—" 


INPUT DATA 2 = XRD 


tips 


Figure 1. Input Timing 





66.6 ns ——$— > | 1 —___________—. 66.6 ns.]- ——_-—_—_____—_» 


SHIFT IN 24ns —» 
| -et 


INPUT READY 40ns > 26 ns —» 


wuroara  (EOLETHE ANON ____CTRSOSRAROOATERRRERUD 


<— Ons 


Figure 2. Typical Waveforms for 15 MHz Shift-In Rate 


SHIFT IN 





INPUT READY 


nour oars TARR srese ona — TIT OTEOOOOOX——— 


‘is 


Figure 3. The Mechanism of Shifting Data into the FIFO 


® Input Bisadly HIGH indicates space is avialabte and a Shift-In pulse may be applied. 

@ Input Data is loaded into the first word. The Data from the first word is released for “fall- ebarougn® to second word. 

® Input Ready goes LOW indicating the first word is full. ; 

@® Shift- In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
® If the second word is already full then the data remains at the first word. Since the FIFO i is now full Input Ready: remains low. : 


Note: Shift-In pulses applied while Input Ready i is LOW will be ignored (See Figure 5). 
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SHIFT OUT 
SHIFT IN 


INPUT READY 


wwour oata TUATHA 





Figure 4, Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 
¢ 


® FIFO is initially full. 


@® Shift Out pulsed is applied. An empty location starts “bubbling” to the front. 
® Shift In is held HIGH. 


@® As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


$$ fg yt —__——_> | =+—_—_—_—__—_- out ———__—_"_—>- 


SHIFT OUT <-— t5Q4H —P\+——"tsoL o 





<—toRH—> 


OUTPUT READY | fetonp>|  |<+tort | 


«—————— tops———> 
topH—> 


ee CD (| Ca (4 
KS I : | 


Figure 5. Output Timing 


@® The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@® Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


; ______ 66.6 ns ————_——_ > |<—___——_—_- 66.6 ns —_-_—__-______» 


SHIFT OUT 
\____) 


45 ns 
40 ns . : 2 “¢ 


Figure 6. Waveforms for 15 MHz Shift-Out Data Rate 


OUTPUT READY 





@ The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@® Data in the first crosshatched region may be A or B Data. 
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Q (4) 
SHIFT OUT —- 
es ee oN 
OUTPUT READY oO ee tas ore he 
5) 
OUTPUT DATA A-DATA XX B-DATA 


AORB 


Figure 7. The Mechanism of Shifting Data Out of the FIFO. 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@® Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@® Output Ready goes LOW. 
© Shift-Out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 





SHIFT OUT 


OUTPUT READY 





Figure 8. tpt and topH Specification 


® FIFO initially empty. 
@ Shift Out held HIGH. 


SHIFT OUT 





® @ 


SITIVTVIVITIT0777777777777 

OUTPUT READY an CULL 
@ ® ie 

eee AYVVVVVWVVVVVVVVVAVAAAAAAAAAAAAL 

OPTEU LORS : Care AA 


Figure 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


@ Word 63 is empty. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@® New data (A) arrives at the outputs (word 63). 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@® Assoonas Shift Out goes LOW the Output Datais subject to change. Output Ready will go HiGH or LOW depending on whether there are any additional upstream 
words in the FIFO. 
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MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 


DATA OUTPUTS 





Figure 10. Master Reset Timing 


© FIFO initially partially full. 








Asynchronous First-In First-Out Memory 


(FIFO) 16x5 
748225/A 





Features/ Benefits 
© DC to 20-MHz shift-in/shift-out rates 
© Fully expandable by word width and depth 
¢ Three-state outputs . 
e TTL-compatible inputs and outputs 

' © Functionally compatible with T.l. SN74S225 
© Designed for extended testability 
Description 


The 74S8225/A is a Schottky-clamped transistor-transistor logic 
(STTL) 16x5 First-In-First-Out memory (FIFO) which operates 
from DC to 10/20 MHz. The data is loaded and emptied on a 


Pin Names 


CLK A Load clock A 


UNCK OUT Unload clock output 


‘D0-D4 


Data inputs . 


Output enable 


Ground pin 
Q4-Q0 


UNCLK IN 


CLKB Load clock B 


Block Diagram 


Data outputs 
Unload clock input 


Output ready 


Supply voltage 








Ordering Information 


PART NUMBER | PACKAGE | TEMPERATURE 


74S225 10 MHz Com 
74S225A 20 MHz Com 


first-in-first-out basis through asynchronous input and output 
ports. These devices are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. Both 
word length and FIFO depth are expandable. Unload clock 
output (Pin 3) is designed for testability of Vo_. 













Pin Configuration 


74S225/A .. J or N Package 


(Top View) 


20] VCC 
CLKB 
18] CLR 
117} OR 
nig] UNCK IN 
DATA 15] Qo 
a] Qt 
113] Qo OUTPUTS 
12) Q3 
ii1y Q4 











9 OUTPUT ENABLE 








15 
00 
Do a ed ree 
D1 
p28 16x5 13> o2 
oat REGISTER 2 03 
pa —2 04 
16 
a catcer tie ook INPUT REGISTER ouTPUT joann, 
a CONTROL CONTROL CONTROL 
LOAD CLOCK A BS LOGIC LOGIC LoGIC v7 OUTPUT 
LOAD CLOCK B + a READY 
crear 8 dS 
Publication # Rev, Amendment 
10674 A 10 
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Absolute Maximum Ratings 


Supply voltage Voce... ee eee eens aed ceitecarar eters a bes areal ingla chain Relaveiansl ol acglove as avtie teen Weieemieis aaa SS e tb ek eres -0.5Vto7V 
INPUT VOITAGE® eos cicscee tence PEE RES Cee ied Wesia ate 0 a wiatalg Sreeiere tice Ady oreo wie be Hate Bid ed weg WN eis dea Ree oie Mies ee dele e -15Vto7V 
Off-state output voltage ........... Candi ca ea eta: NaN se iGadh eek S io Agha oS US Swe aa SNL ASaI Be a Rvs GRE Bs SEN OO SERENE -0.5Vto55V 
Storage tOMPeratre nace. eejneEas bse. siale lois 9 950le boo: 9 6 aeeis 6 9: 5:08 9 slale ude doo b alarerd Bi STN onl ciara e eter ears aelerslere wale 8S ees -65 to +150°C 


Operating Conditions 







MIN TYP MAX| MIN TYP MAX 
VSapyrotage ar as ars sas] 
Fig | reraingreearionperrs [fo 
tick | LOAD CLOCK pulsewidth, AorB,ty(HIGH) | 2 |22 36/2 | 
tips Setup time, data to load clock 




















tUCKL UNLOAD CLOCK INPUT pulse width, ty, (LOW) 
CLEAR pulse width, ty (low) 
tcLcK Setup time, clear release to load clock, tgy | 2 | 10 


* Data must be setup within 20 ns after valid Load Clock (A or B) pulse (positive transition). 


t = Arrow indicates that it is referenced to the LOW-to-HIGH transition. 


Switching Characteristics over Operating Conditions 


74S225A 748225 
PARAMETER FIGURE MIN TYP MAX | MIN TYP MAX 
Cascade Mode** 
Load clock A or clock B 
Standalone Mode . 


tLCIAL CLK Aor CLK Bto IR} ** 2 43. 55 55 
tltccoL | CLK Aor CLK B to UNCK OUT! 2 31 40 


Cascade Mode*** 2 
fouT Unload clock input 20 22 10 20 
Standalone Mode me? 
tuckorL| UNCK IN t to OR LOW 2635 30. 45 
tUCKORH| UNCKINttoORHIGH | I; saa | 3245 40. 60 
Output data hold, UNCK IN to output data 
tops _| Output data setup, UNCK IN to output data 
‘trip | CLK AorCLKBtoOR! 7 167 220 190 300 


al 
car 
fue | ARwort——SSC~—~—S 

al 

an 

heared 

ise 





UNIT 


MHz 







a 
—s 
oO 
NO 
Oo 


~“ 
oi 


<= 
aa 
N 




















tuckow | Pulse width, UNCK OUT, ty : 7 #614 
tauBI UNCK IN to IR t (bubble-back time) | 214 290 | 255 400 
70 


tauBC UNCK IN to UNCK OUT | (bubble-back time) 226 290 2 


{ Arrow indicates that it is referenced to the HIGH-to-LOW transition. . 


ao 
—_ 
; 
oO 
[oy] 
a 
fe) 
oO 





** 16th word only. 


*** Devices connected to provide FIFO of greater than 16 word depth. 
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Switching Characteristics over Operating Conditions 


74S225A 748225 ve 
SYMBOL PARAMETER MIN TYP MAX| MIN TYP -MAX 


: = caer 

Output disable delay, OE to Q;, C) = 5 pF SE ace 
tpLz 

t 

pz Output enable delay, OE to Qj, CL = 5 pF pf 

fezH = | 














Test Load for Bi-State Output Test Load for Three-State Output 
vec 
TEST POINT™ voc in 
TEST POINT* 
RL {si 





OUTPUT OUTPUT © 


CL 


i;-——J4 


r 


CL = 5 pF S2 
RL = 3009 


CL = 30 pF 
RL = 3009 


* The “TEST POINT” is driven by the ouput under test, 
and observed by instrumentation. 


‘Input Pulse Amplitude = 3.0 V 
Input Rise and Fall Time (15%-90%) = 2.5 ns 
Measurements made at 1.5 V 













3V 
OUTPUT ENABLE 
OV 
S1 AND 
$2 CLOSED 
DATA OUTPUT $1 CLOSED icy 
WAVEFORM 1 S2 OPEN 0.5V 
VoL 
‘pZzH | 
Vou 
DATA OUTPUT $1 OPEN oy 
WAVEFORM 2 $2 CLOSED . — 1. 
$1 AND 
$2 CLOSED 


Figure 1. Enable and Disable 


Waveform 1 is for an output with internal conditions such that the output is 
low except when disabled. 

Waveform 2 is for an output with internal conditions such that the output is high - 
except when disabled. 
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Electrical Characteristics over Operating Conditions 





High-level input voltage 
Input clamp voltage Voc = MIN 


Nh Low-level Do-D4 Voc = MAX 


Le input current All others 






Low-level output voltage” Voc = MIN 
High-level output voltage Voc = MIN 


Output short-circuit current™* | Vog = MAX 


Supply current Voc = MAX 


* To measure VoL on Pin 3, force 10 V on Pin 9 (Extended Testability). 





SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vi =0.5V 


High-level input t Vv MAX| Vv, =2.7V Data inputs ‘ 
ign-level input Curren = = 2, . 


V 


} = -6.5 mA (Data outputs) 
H = -3.2 mA (All others) 


lot = 16 mA (Data outputs) " 
lot = 8 mA (All others) 
| ae 
Vo =0V -30 -100 
=2 
=0 


[ 
lo 
lo 


Voc = MAX 
Off-state output current 
[ Inputs low, All 748225 


outputs open 


















5.5 V 










74S225A 


** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


Functional Description 
Data Input 


After power up the CLEAR is pulsed low (Figure 5) to prepare the 
FIFO to accept data in the first location. Clear must be applied 
prior to use to ensure proper operation. When Input Ready (IR) 
is HIGH, the first location is ready to accept data from the D, 
inputs. Data then present at the data inputs is entered into the first 
location when both Load Clocks (CLK A and CLK B) are brought 


HIGH. The CLK A HIGH and CLK B HIGH signal causes the IR - 


and UNCK OUT to pulse LOW. Once data is entered into the first 
cell, the transfer of data from any full cell to the adjacent (down- 
stream) empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will “bubble” to the front. tpip defines the time required 
for the first data to travel from input to the output of a previously 
empty device. When the sixteenth word is clocked into the 
device, the memory is full (sixteen words) and IR remains low. 
The Unload Clock Output is provided chiefly for use in cascading 
devices to extend FIFO depth (Figure 9). When Input Ready is 
Low, do not attempt to shift-in new data. 


Data Output 


Data is read from the Q, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Unload Clock Input (UNCK IN) LOW. 
ALOWsignal at UNCK IN causes the OR to go LOW. Valid datais 
maintained while the UNCK IN is LOW. When UNCK IN is 
brought HIGH the upstream data, provided that stage has valid 
data, is shifted to the output stage. 


When new valid data is shifted to the output stage, OR goes 


~ HIGH. If the FIFO is emptied, OR stays LOW and Data remains 


valid for the last word. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tgupi) or completely empty (Output 
Ready stays LOW for at least tr)p). 


AC Test and High-Speed App. Notes 


Since the FIFO is a high-speed device, care must be exercised in 
the design of the hardware and the timing utilized within the PC 
board design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. We recommend a monoli- 
thic ceramic capacitor of 0.1 uF directly between Voc and GND 
with very short lead length. In addition, care must be exercised in 
how the timing is set up and how the parameters are measured. 
For example, since an AND gate function is associated with both 
the Load Clocks (A, B) — Unload Clock Output-Input Ready 
combination, as well as the Unload Clock Input-Output Ready 
combination, timing measurements may be misleading, i.e., ris- 
ing edge of the Load Clock pulse is not recognized until Input 
Ready is HIGH. If Input Ready is not high due to (a) too high a 
frequency, or (b) FIFO being full or affected by (CLR), the 
LOAD-CK activity will be ignored. This will affect the device 
from a functional standpoint, and will also cause the “effective” 
timing of Input Data Hold time (tjpH) and the next activity of 
Input Ready (t_CIRL) to be extended relative to Load Clock (Aor 
B) going HIGH. 
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LOAD CLOCK 
(B ORA) 


1/FIN: 


tLOKH 
LOAD CLOCK: Y \ 


(A OR B), 








tuciRL2 |«— 


INPUT READY ww v 
y v 
tuckow 
- UNLOAD 
CLOCK: mes 
OUTPUT: 
tLecoL 
tos! 


tcLeK a 


CLEAR INITIAL CYCLE ONLY 


toLw 


NOTES: 1. Permissible negative setup time for input data 
2, Measure t) CjRL for 16th input word only 


Figure 2. Input Timing 


LOADCLOCK 
(B OR A) . 


LOADCLOCK - 
(A OR B) 


INPUT READY 


UNLOAD 
CLOCK OUTPUT 











Y <—_—_—__—_——-STABLE DATA» 


_ aipur oava HAND LA 


NOTES: 1. Input Ready HIGH indicates space is available and a Load Clock (A and B) pulse may be applied. 
2. Input Data is loaded into the first word. . 


3. Unload Clock Output pulses indicating the first word | is full and the Data from the first word is released for " fall through’ to 
second word. 


4. Ifthe second word is already full, then the data remains at the first word. Since the FIFOi is now full, Input Ready remains LOW. 


Figure 3. The Mechanism of Clocking Data into the FIFO 
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UNLOAD 
CLOCK INPUT 


OUTPUT 
READY 






tUCKORL 


OUTPUT DATA 


Figure 4. Output Timing 


@) 
CLOCK INPUT \) %) 
OUTPUT READY ) 
~~ _ 
® 
(AMAAMAAAAAAAAAAA 
OUTPUT DATA A-DATA AAA B-DATA 


A OR B———> 


NOTES: 1, Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied. 


2. Unload Clock Input goes LOW creating an empty position at word 16 for word 15 to “fall-through” to. 
3. Output Ready goes LOW. : 

4 
5. 


. Unload Clock Input goes HIGH, causing Gitodt Ready to go HIGH, indicating that new data (B) is now available at the FIFO outputs. 
. If the FIFO has only one word loaded (A-DATA), then Output Ready stays LOW and the A-DATA remains on the outputs. 


NOTE: Assume FIFO initially contains at feast two words. 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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toLw 
CLEAR 
oun 
INPUT READY 
tcLlo_—>| *— 
OUTPUT READY | 


tcLck 


LOAD CLOCK 
(A AND B) 


NOTE: Assume FIFO is full before CLEAR goes active. 


Figure 6. Clear Timing 


LOAD CLOCK HIGH 


LOAD CLOCK 
(B ORA) 


thip-———> 


OUTPUT READY 
é HIGH 

UNLOAD CLOCK 

; INPUT 


NOTES: 1. FIFO is initially empty. 
2. Unload Clock Input and one Load Clock held HIGH throughout. 


Figure 7. tpip Specifications 


UNLOAD CLOCK 
INPUT 







INPUT READY 


UNLOAD CLOCK 
OUTPUT 


‘ HIGH 


LOAD CLOCK 
(A and B) 


NOTES: 1. FIFO is initially full. 
2. Load Clock (A and B) held HIGH throughout. 


Figure 8. tayp) tguBc Specifications 
aR a a RE A I TE HE TT) 
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.VCC—> 
CLOCK IN . OUTPUT 
UNLD UNL UNLOAD 
NC i cxour CKI CLOCK 
eer aes be 
ae a 
an ns 
ee a 
— | | Esa 
= i _ duTPUT 
CLEA ENABLE 
INPUT LH 
READY . 
10 BITS 10 BITS 
DATA IN DATA OUT 
NC Re | , UNLD J 
| CKOUT CKI CKOUT CKIN 
IR 









DO Qo 
D1 ai 

Q2 
D3 Q3 
D4 ; Q4 





Do 
D1 
D2 
D3 
p4 
















Figure 9. 48x10 FIFO with 74S225/A 
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Low Power First-In First-Out (FIFO) 


64x5 Memory 
67L402 





Features/ Benefits Ordering Information 


e Guaranteed 5 MHz shift-out/shift-in rates PART 
a DESCRIPTION 


Low power consumption 
© TTL inputs and outputs | e7iao2 | Sn OK 
67402 aN 5 MHz 64x5 FIFO 











e Readily expandable in the bit dimensions 


© Structured pinouts. Output pins directly oreo corres- 
ponding input pins 


© Asynchronous operation 



























Description 
The 67L402 is a low-power First-In First-Out (FIFO) memory 
device with TTL speed. This device is organized in a 64x5-bit 
structure and easily expandable to any width. A 5 MHz datara 
with fast “fall through” time allows usage in tape and, disc 


“falls through” to the empty space closest to t 
shifted out in the same sequence it is shifted i ine 
can be increased by putting the Input Rea 
AND gate to give acomposite Input R 
Ready signals should be gated to 
Ready. 


Generally, FIFOs are used j 
transfers when source ang 
same data rate. FIFOs are 


" 674.402 is particulgrt 


critical. MASTER RESET 


Nc LL! 118} voc 
INPUT READY [ 2 | 171 SHIFT OUT 


SHIFT IN 13) 118] OUTPUT READY 


67L402 FIFO 
"1 pa Os 67402 
DATA IN < D2 113] Oo 7 OUTPUTS 





GNDI9| 110] MASTER RESET Plastic Chip Carrier 
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Absolute Maximum Ratings 


Supply voltage Veg sieve ceecass vin Geese een taae fg Seal giere! @lie:d £4: catalase eee Sia a ee wrawep toast are ate oaree -0.5Vto7V 
Input -Voltage:u:hss sacet diate tek ewe ion eevee ek Seda Si Nertrte hei ateveele(h ated tant eluate Mo ancek oes tes -15Vto7V 
Off-state output Voltage” 6.6... cee cece ce cece eee een eet eee r tees ceeeuencebeees Sagegate ta tecetntee tee gee -0.5Vto5.5V 
StOrage temperatures ck on. Sees wdioa's hak wince yee eeeame s wmeleee read eae ghalyaled see eaeetae eas wid ear Cotas -65° to +150°C 
Operating Conditions | 













~ SYMBOL PARAMETER jricure| 4, COMMERCIAL UNIT | 


et eg ee ees 
BN OR EP a FE 
Visit | ShitinniHine Tt | Oi 
Psu | saiintowiing [ENE 
a 
a  ) 
Taw [Waster Reetpuse ORI NNO oe 
BN 




















Senne Characteristics Over Operating Gc Bahtion) 


sno] tran on ee fe 


7 SN KS ©) ce 
Far antenna | 
Fa Nea SN | Se ne 
es ee 
ST CNN 
onat [SiR of FoR Seay NO ee 
Toon | Oyanbeeoifornighogy PF] sf ei 
2. SC yc a Ue 

sn IE a aa 














tpT 


Peedi a Se 
tuna | MasbrhaeooRBY | fC 
unin | NasterraietoRWGM Of C 

Wales ee el 
dee ee ae 






| tipH | Input Ready pulse HIGH 
| topH ‘Output Ready pulse HIGH — 


t See AC test and application note 


Test Load 
5V , 
Input Pulse 0 to 3 V 
"3 seon Input Rise and Fall Time (10% - 90%) 
* The “TEST POINT" is driven by the output under test, 5ns minimum 
d observed by instrumentation. TEST POINT* 
cs err 30pF Measurements made at 1.5 V 








67L402 








Electrical Characteristics over Operate Conditions 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP: MAK UNIT) MAX | UNIT 




















| los | Output short-circuit current* 
| lec | Supply Current 






Functional Description 


- Data Input 
After power up the Master Reset is pulsed low (Fig, 


Dy inputs. Data then present at the data in 
the first location when- the Shift In (SI) is 

HIGH signal causes the IR to go LOW. Blate 
location unti! S1 is brought LOW. Whe 
the FIFO is not full, IR will go HIGF 


activated by an on-chip 
end of the device while empty locations wil “bubble” to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 
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* Not more than one output should be shorted at a time and duration of the short-circuit shod 
t This is an absolute voltage with respect to device GND (Pin 8 or 9) and includes 






arian input current | S!,SO -1.6 | mA 
High-level input current Yoo® MAX Vy -=24V Yrs) 50] nA | 


(WY 
eee a 


| VoL | Low-level output voltage Voc = MIN lo, = 8mA 



















ratleast tpr). 


AC Test and Application Note 


Since the FIFO is ahigh-speed device, care must be exercised in 
design of the hardware and the timing. Though the external data 
rate is 5 MHz, internally the device is several times as fast. Device 
grounding and decoupling is crucial to correct operation, as the 


' FIFO is sensitive to very small glitches caused by long reflective 


lines, high capacitances, and/or poor supply decoupling and 
grounding. We recommend a monolithic ceramic capacitor of 
0.1 yF directly between Vcc and GND with a very short lead 
length. In addition, care must be exercised in timing setup and _ 
measurement of parameters. For example, since an AND gate 
function is associated with both the Shift In-Input Ready Com- 


‘ bination as well as the Shift Out-Output Ready Combination, 


timing measurements may be misleading. i.e., rising edge of the 
Shift-In pulse is not recognized until Input-Ready is High. If 
Input-Ready is not high due to too high a frequency, or the FIFO 
being full or affected by Master Reset, the Shift-In activity will be 
ignored. This will affect the device from a functional standpoint, 
and will also cause the “effective” timing of Input Data Time 
(tIDH) and the next activity of ee Ready (th RL) to be extended 
relative to Shift-In going High. 


67L402 











SHIFT IN 


INPUT READY 


INPUT DATA 


55ns 


INPUT READY 









Ls (( y)- p 
HOLOTIME HN Nar CANTEEN ( 
5 eg (ba YY 
see NNN ae 
(~~ Figdre 2. Typical Waveforms for 5 MHz Shift in Data Rate 


ops, “hi fb 












SHIFT IN 
INPUT READY 
weuroara IY AWWW YYYKYYYY KYL YA LXKTIY TRIE YA TRIKE TTY TRIER 


HUA ONAARATAADNEOTAONNEONEONRONRON ON ONRTEOONROONNONEOOROONNONOD 
, Figure 3, The Mechanism of Shifting Data Into the FIFO . 


O) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

@) Input Data is loaded into the first word. 

® Input Ready goes LOW indicating the first word is full. 

® The Data from the first word is released for “fall-through” to second word. 

@® The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 
If the second word is already full then the data remains at the first word. Since the FIFO is now full input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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SHIFT OUT 


SHIFT IN 


INPUT READY 









~IRNTHNERRRKEAREREIN EI ENREREAR EAE RENE RER ERROR 2727 
mur onme BANYYYHAYNYYHAXX YHLAX HOAX HHO YYOAX HHO XY 






_ Figure 4. Data is Shifted in Whenever Shift If 


. G)riro is initially tull. 


@ Shift Out pulse is applied. An empty location start “bubbling” he fro 


(a) snin In is held HIGH. 
@*s soon as Input Ready becomes HIGH the Input Dafa & loaded into the 
©) The Data from the first word is released for “fall thibugh'\ td's d 


ow 















SHIFT OUT 


OUTPUT READY — 














ATI AY 1 41100000009900 — 
salen Ee ie ar 
x . . : 
® The diagram assumes. that at this time. words 63, 62. 61 are loaded with A. B. c Dat, respectively 


Figure 5. Output Timing | 
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200 ns << —_—____—_—_—_—— 200 ns ——_________-> 


SHIFT OUT i = 


OUTPUT READY 













= 
———\ ARTI Ming 
ee sown III | coms IX sisi 
(1) 45 ns WY 


Figure 6. Typical Waveform for 5M t Data’Rate C ) 
© The diagram assumes, that at this time, words 63. 62, 61 are loaded withA: S S 


@) Data in the crosshatched region may be A or B Data. NN | 2 | 





SHIFT OUT 


OUTPUT READY 


ae aw CY aS 
<«—_—— AORB 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


0) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 

@) Shift Out goes HIGH causing the next step. 

@) Output Ready goes LOW. 

@ Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

Ga) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs: 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
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SHIFT IN 
SHIFT OUT 
[———_______—___-__—_—- pT 
topH——>" 
OUTPUT READY 
GC) FIFO initially empty. | Figure 8. tpr and topH Specification . a L. 
SHIFT pas | A L, : Ke 
aN : 
oO Oo SN 
— KT7 TTT ETL 
en), Capri iti ttitt) 


AKAAMAKAAKAAKAAAAKAAKAAKAANAS 
NAH 


S 
a -atid/Output Ready are Both HIGH 
Since Shift Out is held HIGH. Output Ready goes immediately LOW. 


As soon as Shift Out goes LOW the Output Data is subject to change. 
as shown by the dashed line on Output Ready. 


OUTPUT DATA 


; OUTPUT READY a 
oe @) “i Sos ye 
CK 8 








La. | _ | 
—_ a 


OUTPUT READY 


ne ee 
SHIFT IN . 


@ FIFO initially full. : : ; 
Figure 10. Master Reset Timing 
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SHIFT OUT 












D1 671402 Q1 
D2 Q2 
D3 Q3 
D4 MR Q4 










COMPOSITE 
INPUT READY 


COMPOSITE 
OUTPUT READY 





Ll so 
si OR 
DO Qo 
D1 67L402 Q1 


SHIFT IN 


FIFOs are expandable in depth and width. However, in forming wid 


‘teqyired to generate composite 
Input and Output Ready flags. This need is due to the different fall/thiro ; 7 





we : | 2 | 
Applications | 
FIFOs are typically used as temporary data buffer een n also be used in a bidirectional operation as 
mismatching data rates. Such an applic: h in ture 13. aC te 
Figure 12. 


a 
DO 2x67L402 
64x10 
FIFO 


BUFFER 





2x87L402 
64x10 





NOTE: Both depth and width expansion can be used in this mode. 


Figure 12. FIFO As Data Buffer Between Slow Steady Rate oe , 
and Fast ‘Burst’ Rate Figure 13. Bidirectional FIFO Application 
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First-In First-Out (FIFO) 


64x5 Memory 


C67L4033D 


15 MHz (Cascadable) 





Features/ Benefits. 

© High-speed 15 MHz shift-In/shift-out rates 

© High drive capability 

© Low-power consumption 

e Three-state outputs ; 

© Fully expandable by word width and depth 
.©@ Half-Full and Almost-Full/Empty status flags 


¢ Structured pinouts. Output pins eee opposite ° 
corresponding input pins. 


© Asynchronous operation 
e TTL-compatible Inputs and outputs 


Description 
The C67L4033D is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at 15 MHz input/output rates. The data 


is loaded and emptied on a first-in-first-out basis. It is a three- - 


state device with high-drive (Io, = 24 mA) data outputs. These 

devices can be expanded to any word width and depth. It has a 

Half-Full flag (thirty-two or more words full) and an almost 

full/empty flag (fifty-six or more words or eight or less words). 
. The main application of C67L4033D is as a rate buffer; sourcing 

and absorbing data at different rates. Other applications are 

high-speed tape and disk controllers, data communications sys- 
’ tems and plotter control systems. 


Block Diagram 


INPUT READY 
4 
SHIFT IN ——> 


MASTER RESET 


64x5 
REGISTER 


REGISTER 
CONTROL 
LOGIC" 






HALF FULL 


_ Ordering Information 










PART. 
NUMBER PK | TENE DESCRIPTION 


C67L4033D 15 MHz in/out 


Pin Configuration 


C67L4033D_ 


OELL 


HALF FULL | 2 | 


20] vec 


ALMOST FULL/ 
EMPTY a 


SHIFT OUT 








INPUT READY [3] 
117] OUTPUT READY 
16] OO 
15] 01 
14] 02° 
13] 03 
12704 


11] MASTER RESET 


SHIFT IN| 4 | 
po} 5 | 
bi} 6 | 

DATA } D2[7| 
D3} 8 | 

D4} | 

GND [10] 


OUTPUT 


OUTPUT ENABLE 















SHIFT OUT 


OUTPUT . 
READY 










19] ALMOST FULL/ 
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Absolute Maximum Ratings 


Supply voltage Voce «..--scscecececcccncesscsseececers EE bos gutted svat Seaate-oitiane a eiste Sua sielatele oa we wae eaten deavetelate me ese -05Vto7V 
INPUEVOIAGO:  se.c's/asies ese wisn U5i8 ise eee teraie ss 84 10.60 wale Silvie ore, cis eaew piesards wleie: Slaig's a Sisiaie igre ToisteS aia. ig fe: Sele @ aero ecaresereee -15Vto7V 
Off-state output voltage «.<sec.cisseceetec ieee eieed oe faced aie ar aiwe wie Gace nei. ae ole see kere aio: ve-a'e abetwrw wine sraceierg a. pvaig aha ora elena -0.5 V to 5.5 V 
Storage temperatures o.2c:004 e005 caccltes Sereda 6 ocea wid sfhc OR dined bea he Sis See badale Viewers Aula eiele viv amigos ibaa wa -65°C to +150°C 


Operating Conditions over Temperature Range 


| COMMERCIAL . 
SYMBOL PARAMETER } Figure | an ap. agage JUNI 


veg | Swaivwotege ——=Ss~=~“~“*~*~*~*~dCS~“~‘i SSCS | 
Ta | Oreringtecaienpenire —=SC*dSs“‘(g(S]™C® eo | 
oc 






put dt etn IR (nput easy) i 
ees 
Eee 
0 


aa 
N 






* See AC test and high-speed application note. 
** If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 


Electrical Characteristics over Operating Conditions 
UNIT 


SYMBOL PARAMETER TEST CONDITION siti aaa ? 







| 
~ 
am 
N 













iD cn a 
oOo oO on] oO 


Vit" 
VIH™ 


lot =24mA 






VOL output 
ae voltage 





IR,OR,HF,AF/E lol =8mA 


High-level IOH =-3mA 
VOH output Voc = MIN 
‘| voltage |IR,OR,HF,AF/E IOH = -0.9 mA 
| tos** | Output short-circuit current | Voc = MAX Vo =0V- 
ae . Vo =04V 
| tozu Off-state output current. © | Vcc =MAX 2 
10ZH Vo =24V 
_ All inputs low. 
Supply current | VOC = MAX All outputs open. 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 





3 
> 


mA 
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Switching Characteristics Over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER ) FcuRe | MIN | MAX UNIT 


iar | Shitinvvommpurresayiow Sd) SSSCSCS 
Fins | ShitintwinputfessyHIGH Si [SSCS | 
Tom | Shit Outro OupurReaayLow _———«d| | SSCSC™~S~SS | 
Homi | Shit Outi to Ouputreesyrigh +i» [S| 
Moo | Output Data oa prevouswors) sds | SSCSC~S~Ss 
Hops | OutnutDae suit retwor) Sid | SCSCSCSCSCS 
er | Datetroughout ———SSSSSC*dCw dT SSCS~«D | 
iwnomi | MasterResetitoGupuReadytow ——~+| | —SsSs~—~—~S~a | 
‘wna’ | MasternesetTioinputResaynigh ‘|_| —SSSCS~S 
[tMRIRL* | MasterReset !to InputReadyLow | 10 || 
 MaserResetitoOupustow ————~+d|_ | SSS 
Tien | InputrncypuseiGH ———SCSC~iC SP SC~S~S~Ss | 

i 

a a TN 

Oe 



















om | Ouput aay to Dstavaid 
Fae | Shitintioarme.ow «deo | 
Fac’ | Shitouttwoarme.ow ——SSS—~d Cte] S| | 
Ta | Shitintioartenigh —SSCS~Ce SCS 
Chen? | ShitinnionFHign —SSSSC*d CSS | 
Tei | SvowrwnrLow ————SS—S*d SSCS | 


t es ; 30 
Output Disable Delay 


tpzi * 


; Output Enable Delay 


* See timing diagram for explanation of parameters. 























, we 3V 
Three-State Test Load OUTPUT ENABLE 
OV 
vec 
WAVEFORM 1 $1 CLOSED o 
RI $2 OPEN Vor 0.5 V 
TEST POINT Vor 
‘pzH 
Vou | 
WAVEFORM 2 S1 OPEN Von -0.5V 
$2 CLOSED 15V 
: - OV a 
eet : "ST AND | 
Vp=15V - $2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the outputis 
low except when disabled by the output control. ; 
Waveform 2 is for a data output with internal conditions such that the output 

_. is high except when disabled by the output control. 





See table on following page for Resistor values 
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Standard Test Load 


OUTPUT ) TEST POINT 





Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dy inputs. Data then present at the the data 
inputs is entered into the first location when the Shift-In (Si) is 
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble” to the 
front when data is shifted out). tpt defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, IR will remain LOW. The FIFO should always be cleared 
by using Master Reset before starting the operation. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 









Leto | me 





Zima (aay | 2000 
8 mA (IR, OR, Flags) 600 2 1200 0 





Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpT) or completely empty (Output Ready 
stays LOW for at least tpT). : 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 uF directly 
between Vcc and GND with very short lead length. In addition, 
care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift-In-Input Ready com- 
bination, as well as the Shift-Out-Output Ready combination, 
timing measurements may be misleading, i.e., rising edge of the 
Shift-In pulse is not recognized until Input ready is HIGH. If 
Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input 
Data Hold time (TjpH) and the next activity of Input Ready 
(TIRL) to be extended relative to Shift-in going HIGH. This same 
type of problem is also related to TIRH, TORL and TORH as 
related to Shift-Out. For high-speed applications, proper 
grounding technique is essential. 
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Timing Waveforms 


—_—_ $$ Ay —__—____—__> 





Vin 
SHIFT IN t——— tS] }q ——_>)\<+—__—____ ts]_—_—____> 


INPUT READY beta 
wmpur Data YX} [+— tou —=)OKXIXAXAXAKXMXAXADX, AAAS 


Figure 1. Input Timing 


66.6ngs ———_——___—__> | ~«________—___ 66.6 ns ——__—__-—__—____» 


SHIFT IN 7 24ns a Tea 


INPUT READY 40ns —> 26ns —>, 


wnpur pata FX) |= ESEE TE TUTTI ___ MVAANTAVIIRIOINIANX 


@ 


Figure 2. Typical Waveforms for 15 MHz Shift-In Data Rate 






SHIFTIN 


INPUT READY 


wou onta II) — sec on — =O OOOO 


Figure 3. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 

@® Input Data is loaded into the first word. The data from the first word is released for “fall-through” to second word. - 

©® Input Ready goes LOW indicating the first word is full. 

® Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
® If the second word is already full then data remains at the first word. Since the FIFO is now full Input Ready remains low. 


Note: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 


C67L4033D 





SHIFT OUT 


SHIFT IN 





INPUT READY | 


voor AAI = one —— 3 


DAAABABRA ALY | ee | WOOO AAA PA hop 


Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 
@® FIFO is initially full. . 


® Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
® Shift In is held HIGH. 


@® As soonas Input Ready becomes HIGH the Input Data is loaded into the first word. 


Wout Vout 
SHIFT OUT 
= Sch <——torH 
OUTPUT . 
READY 
~«——tops <——»| tonp tort 
: ANNAAN/ ANNAN 
ae a a 
topH 


Figure 5. Output Timing 


@ The diagram assumes that at this time, words 64, 63 and 62 are loaded with A, B and C Data, respectively. 
@® Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e, OR and SO are both high together. 


66.6 ns ——_—____—______> 66.6 ns ———____________ 


s U : 
HIFT OUT. 7 
wor tm 
40 ns 
UTPUT \AAAAAA/ VAAAAAN) 
DATA a aaa 1(\(\(\) 


12 ns 


Figure 6. Typical Waveforms for 15 MHz Shift-Out Data Rate 


@ The diagram assumes that at this time words 64, 63 and 62 are loaded with A, B and C Data, respectively. 
@® Data in the first crosshatched region may be A or B Data. 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA ” A-DATA B-DATA 





Figure 7. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@® Shift-Out goes HIGH causing the contents of word 63 (B-Data) to be released for fall-through to word 64. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. ; 
©® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 
SHIFT OUT 


OUTPUT READY 





Figure 8. tpt and topy Specification 


@® FIFO initially empty. 
@® Shift-Out is held HIGH. 


SHIFT OUT \ 


Gas ee ee es Se ee ee ee 
wees 


OUTPUT READY MUTMUTTTTTT, 


0) (3) 


OUTPUT DATA A-DATA 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@® Word 64 is empty. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@® New data (A) arrives at the outputs (word 64). , 

® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@® As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or LOW depending on whether there are any additional upstream words in the FIFO. 
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MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 





DATA OUTPUTS 


tMRO—> 


Figure 10. Master Reset Timing 
©® FIFO is partially full. 


SHIFT OUT 


ALMOST FULL/EMPTY 


~<«-tsiH-> 
SHIFTIN 





<—_—— taeEL————" 


Figure 11. taEH, taEL Specifications 


@ FIFO contains 9 words (one more than almost empty). 
SHIFT IN 


tsIH 
ALMOST FULL/EMPTY 
; 'AFH tSoH 
SHIFT I ee 
tAFL 


Figure 12. taFH: taFL Specifications 


@ FIFO contains 55 words (one short of almost full). 
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SHIFT IN 


HALF FULL 


SHIFT OUT 





Figure 13. tue, tHFH Specifications 


©® FIFO contains 31 words (one short of half full). 


OUTPUT 
ENABLE 





SHIFT OUT 






COMPOSITE 
INPUT COMPOSITE 
READY OUTPUT 
READY 
SHIFT IN 
MASTER RESET 
HF HF- 
AF/E AF/E. 
HF HF 
AF/E oo AF/E ae 
HF _ HE 
AF/E AF/E 
The First Column of FIFOs ° a The Last Column of FIFOs 


Almost Full (AF) is eight words or less to FIFO full. 
Almost Empty (AE) is eight words or Sess to FIFO empty 


Figure 14. 192x15 FIFO with C67L4033D 
———>—=—E———>—=__=}—————————————— ee 
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Figure 15. Application far C67L4033D “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Cascading the FIFO’s in word width is done by ANDing the IR and OR as shown in Figure 14. 
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First-In First-Out (FIFO) 
64x4 64x5 Memory 


35 MHz (Standalone) 


67411A 
67412A 








Features/ Benefits 

¢ High-speed 35-MHz shift-in/shift-out rates . 
® Choice of 4-bit or 5-bit data width 

e TTL inputs and outputs 

® Readily expandable in word width 


e Structured pinouts. Output pins directly opposite 
corresponding input pins 


e Asynchronous operation 


Description 


The 67411/2A are “fall-through” high-speed First-In First-Out 
(FIFO) memory organized 64 words by 4 bits and 64 words by 5 
bits respectively. The FIFO is expandable in word width onlly. It is 


Block Diagrams 
" 67411A 


Ordering Information 


PART 
NUMBER | PKs | TEMP DESCRIPTION 


67411A 35 MHz 64x4 FIFO 
67412A 35 MHz 64x5 FIFO 







the fastest FIFO available on the market. The FIFO is attractive 
for many applications such as disk controllers, communication 
buffers, rate buffers, etc. 


67412A 





MASTER RESET 
Pin Configurations 


nc {1} 


INPUT READY | 2 | 







SHIFT IN | 3 | 


Dot 4] 67411A 13f 00 
64x4 
p17 5 | 1124 01 
DATA IN OUTPUTS 
02] 6| 11} O2 
D3] 7| 10] 03 
GND } 8 | 1/9 | MASTER RESET 


MASTER RESET 











NC J 1] 


INPUT READY | 2 | 


Bf VCC 


SHIFT OUT 
SHIFT IN [3] 
po | 4] 115] Oo 
pif] 67412A 14] 01 
64x5 
DATAIN {D2 [ 6] 13] 02; OUTPUTS 
p3 | 7] 112] 03 
D4} 8| 117 04 
GND {9 | 


16} OUTPUT READY 


110] MASTER RESET 
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Absolute Maximum Ratings 


Supply Voltage Vow sear scawlncecadend evel iota Manenioeuets oats ieee ndae eens eae Gea lsat owe eueunaale -0.5Vto7V 
INPUT VOItAGE  fetescsiebcoa a esr erate eesleverers sree wise iw Oia wd: orks eseeineya is Werwial wh reseaaew Oiecooww Zuatwe ga ee ye lesa leer e bs erane, Sandie geeeras 8 8% -15Vto7V 
Off-state output voltage ............ 2, dake NeVaxw ve Seo Sch Sera tesey c@le hrst wea vercew salbiraetege tose eas bags ate Weis, ae ar eia Sue bie aa aisle SeicDieiereleea 6 .-5Vto55V 


Stole temMMOratie 6 ektcuvec tou dues Gaacivnc0.2 onda Acie peankce Gus ee denblc waned one uuwhesd- eubaeh cues tae -65°C to +150°C 


Operating Conditions Over Temperature Range - 


COMMERCIAL 
jovmpot | paramere | rcv | rv ax [ONT 
Veo | SeppvvotageSSSCSCSCS~S~dSCSS~Sd 8 ss | 
Tq | Operating teesirtempeture ——~—S*dSSSSCSC~“*~“*~*~idNCSC“‘W‘*C“*O‘*S 
rae | 
re | 
| ne | 
ros | 
re | 

cs 











a | ow 
alro;lj-l] > 


[o) 





w 


tmMRs Master Reset to S!* 








ay 


Switching Characteristics Over Operating Conditions 


SYMBOL PARAMETER 
fn Shift In rate 1 


tact Shift In t to Input Ready LOW : 1 
tiRHt Shift In} to Input Ready HIGH 


; D 
f Shift Out rate 
or | omonme fs DC 





COMMERCIAL 
MIN TYP MAX 


D 
D 


UNIT 





— 
— 
wo 
oO 


/ 
alan 
— 
N 








ns: 


Cc 
Cc ttts 
C 


— 
— 
ié) 
i 
= 
i 
N 


ti 


— 
ae 


Fier | Batathoughputoralthough™ |S 
Master Reset | to Output Ready LOW 
E 


Note: Typical at 5 V Vcc and 25°C Tag. , 
* If the FIFO is not full (IR High), MR low forces IR low returning high when MR goes high. 
: Tt See AC test and high-speed application note. 
TT Tested. : 
ttt Guaranteed by design (see test load). 
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Electrical Characteristics Over Operating Conditions 


SYMBOL PARAMETER ’ TEST CONDITION. MIN TYP MAX {UNIT 


Low-level input voltage 
High-level input voltage 


Supply current 





* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


** See curve for log vs. temp. 








High-ievetinputeurent[Vog=MAx| viezav ——SSSSS*d = | 


: 
lo, (Data Outputs) 67411/2A = 24mA _ 
VoL | Low-level output voltage Voc = MIN 
Ht lo. (IR, OR) 67411/2A = 8mATT 
: : 





Output short-circuit current™ | Veg = MAX} Vo=0V . a -20  — -90| 


Higici@veboubiutvalt ice OH ee 67411/2A “3.0 mA 24 | V 
igh-level output voltage 4 2. . 
sremoapavotees Nor= Mc rior | 





Voc = MAX. Inputs low, outputs open (67411/2 














A) 


t These are absolute voltages with respect to GND (Pin 8 or 9) and includes all overshoots due to test equipment. 
TT Care should be taken to minimize as much as possible the DC and capacitive load on 1R and OR when operating at frequencies above 25 MHz. 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Fig. 10) to prepare 
the FIFO to accept data in the first location. Master reset must be 
applied prior to use to ensure proper operation. When Input 
Ready (!R) is HIGH the first location is ready to accept data from 
the Dy inputs. Data then present at the data inputs is entered into 
the first location when the Shift-In (S!) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Once data is entered into 
the first cell, the transfer of data from any full cell to the adjacent 
(downstream) empty cell is automatic, activated by an on-chip 
control. Thus data will stack up at the end of the device while 
- empty locations will “bubble” to the front. tpt defines the time 
required for the first data to travel from input to the output of a 
previously empty device. When SI is brought LOW and the FIFO 
is not full, IR will go HIGH, indicating more room is available. If 
the memory is full, IR will remain LOW. 


Data Output - 


Data is read from the Ox outputs. When data is shifted to the 


output stage, Output Ready (OR) goes HIGH, indicating the; 


presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage. When new valid data is shifted to the output stage, 
OR goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. . 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 


stays LOW for at least tpt) or completely empty (Output Ready 
stays LOW for at least tpt). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 
exceeds 60 MHz in operation. Device grounding and decoupling 


is crucial to correct operation as the FIFO will respond to very 
- small glitches due to long reflective lines, high capacitances 
- and/or poor supply decoupling and grounding. Monolithic 


Memories recommends a monolithic ceramic capacitor of 0.1 uF 


. directly between Vcc and GND with very short lead length. In 


addition, care must be exercised in how the timing is set up and - 
how the parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input-Ready 
combination, as well as the Shift-Out-Output-Ready combina- 
tion, timing measurements may be misleading, i.e., rising edge 


. of the Shift-In pulse is not recognized until Input Ready is HIGH. 


If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input 
Data Hold time (T|pH) and the next activity of Input Ready 
(T|RL) to be extended relative to shift-in going HIGH. This same 
type. of situation occurs with TORL and TORH as related to 
Shift-Out. Data outputs driving a-bus should be limited to 10 
MHz frequency. For high-speed applications, proper grounding 
technique is essential. 
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Switching Characteristics over Operating Conditions (continued) 


COMMERCIAL UNIT 
SYMBOL PARAMETER MIN TYP MAX 



















Ouput ready ! to Data Valid 





Standard Test Load 


5V 
R1 
OUTPUT TEST POINT 
R2 | 30 pF 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 230 





Typical loc vs Temperature 
(Voc + MAX) 








57411/2A (Voc = 5.5 V) 


aauoe 
FeanSeeo 
ct 


67411/2A (Voc = 5.25 V) ~~ 






Test Load | 210 


200 


Design Test Load Iec(mA) 
(35 MHz) ‘en 











180 


2kn 170 
160 Pet es id ae 4 
-50  -25 0 25 50 75 100 125 
EMPERATURE (° 
30 pF CASE T! RATURE (°C) 
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Itin 





TO 


SHIFT IN ft —~ tS} 4——_> 


tiIRH 
INPUT READY tat 


iwputoata _X{+—twor—7XD, AAD 


tips 


Figure 1. Input Timing 


28.6 ns ————_—_—_—___—_—_—__> |<_—__________—- 28.6 ns —_—__________»> 


9ns EN 
fi 


INPUT READY 12ns > 14ns —» 


SHIFT IN 


inpuroata [Hore ONONOOONNOOOONOX —_____ORIOAAOSRRORAOIEEX 
<— 2ns 


@ 


Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate 


SHIFT IN 





vor onca BIR saat >> DRT 


Figure 3. The Mechanism of Shifting Data into the FIFO 


@) Input Ready H IGH indicates space is available and a Shift-In pulse may be applied. 
@ input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 
@ Input Ready goes LOWindicating the first word is full. 
@ Shift-in going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
@® Ifthe second wordis already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 
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SHIFT OUT 





NAA YY 


(tit At MANA 





Figure 4. Datais Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift In is held HIGH 


©.6:.©:© 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


————__—_$____— I/foyt > |+——_—_—_—__—_ |g uT ——_—_—__> 


SHIFT OUT —<— tson—" D 





“*—!ORH 


OUTPUT READY tonp> ~+-toORL | 


~ _ 

comronn [vom IK coe 
AAD (\/\ 

0 | | 

Figure 5. Output Timing 


@ The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


<__—_______—___. 28.6 ns ¢———$__—___———— 28.6 ns ———_—__—____—__» 


SHIFT OUT 


OUTPUT DATA 


OUTPUT READY | Gana» Naans) | 


com GK [__ eae _IXeoe 
ho ® | | 


Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate 


@ The diagram assumes that at this time words 63, 62. and 61 are loaded with A, B and C Data, respectively. 
@ Data in the first crosshatched region may be Aor B Data. 
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(2) 
: SHIFT OUT 
OUTPUT READY 0 ——-=.9 Sa ee 
(5) 
. aTaTatatatatatas 
OUTPUT DATA A-DATA ; OA) _. B-DATA 


-AORB 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. . 

@ Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 

@® Output Ready goes LOW. 

® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 

® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 

SHIFT IN 

SHIFT OUT 

OUTPUT READY 





Figure 8. tpy and topy Specification 


G@) FIFO initially empty. 
@)_ Shift Out held HIGH 


SHIFT OUT X 


VIITITVITITTITITIT TAT T ITTF 
TITIULTLLLII LLL LL 0 
@ : oo, He 


curturout TOD), (000 ;000000000000 







OUTPUT READY 


Figure 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 
Word 63isempty. : . 7 a 

Output Faeatty coed HIGH indicating arrival of the new data. 

New data (A) arrives at the outputs (word 63). 


Since Shift Out is heid HIGH, Output Ready goes immediately LOW. 


OOOOO 


As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
wordsin the FIFO. 
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MASTER RESET 


INPUT READY = 





OUTPUT READY 


SHIFT IN 


DATA OUTPUTS 





@) FIFO initially partially full. 


Figure 10. Master Reset Timing 
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First-In First-Out (FIFO) | 67413A 
64x5 Memory 67413 
35 MHz (Standalone) — a 





Features/ Benefits a Ordering information 


¢ High-speed 35 MHz shift-in/shift-out rates ; BART 


© High-drive capability 
67413A 35MHz-in/out 
67413 25 MHz-in/out 










© Three-state outputs 
© Half-full and Almost-full/Empty status flags 


© Structured pinouts. Output pins directly opposite 
corresponding input pins. 


e Asynchronous operation 


Pin Configuration 
© TTL-compatible inputs and outputs 









OE] 1| 20 VCC 
ee ; , ALMOST FULL/ 
Description HALF FuLt [2 iia) Bunce 


The 67413A is a high-speed, 64x5 First-In-First-Out (FIFO) 


; INPUT READY | 3 | 
memory which operates at 35-MHz input/output rates (67413 


118] SHIFT OUT 


operates at 25-MHz in-out). The data is loaded and emptied ona SHIFT IN | 4 | 117), OUTPUT READY 
first-in-first-out basis. It is a three-state device with high-drive 

(lo_ = 24mA) data outputs. These devices can be connected in bo 15 piso 16] 00 

parallel to give FIFOs of any word length. It has a Half-full flag pifs| 15] 01 

(thirty-two or more words full) and an almost full/empty flag 

(fifty-six or more words or eight or less words). The main appli- DATA D2} 7| 114] 02 OUTPUT 
cations of 67413A, 67413 are rate buffers; sourcing and absorb- o3 [a 3] 03 

ing data at different rates. Other applications are high-speed 

tape and disk controllers, data communications systems and pa} 9} 112] 04 


plotter contro! systems. 
GND [10} [11] MASTER RESET 


Block Diagram sn 







64x5 
REGISTER 













INPUT READY 






REGISTER 
CONTROL 
LoGic 


SHIFT OUT 


OUTPUT 
READY 


OUTPUT 
CONTROL 
LOGIC 










SHIFT IN ——2—> 


MASTER RESET 


Publication # Rev. Amendment 
- 10678 A 10 
Issue Date: May 1988 


67413A/67413 








Absolute Maximum Ratings . , | 
SUPPIV VONDGOV Aes aoc nevce et cites en Ganga tea ian eeu mata ugh Soe ee aie OEE ede Seats -0.5to7V 


Input voltage 2... ccc ccc ccc ee eee eee eaes wR ahaia Se eich aoe sb coer dawaraa see oeers Seana Gh esecate (eb Gee Sabi leh Ge thao: arslU aoe rN Sie -15to7V 
Off-state Output: VOItAGE <ouis-3. 5 scsssetereiets Ae Wea, 8 Bate eee eg ee wince wa BES oP We RSE We Saal aE EMA BOE dau MS a Da ast eS -0.5to 5.5 V 


Storage:teMperature. sv socs es-viesane deus eed cava wie vie 45 eee o whore discos Sacer ene O50 bie" tucle A oreveiga ee eke Siam eels tare ton inte -65°C to +150°C 


Operating Conditions 


67413A 67413 
SYMBOL PARAMETER Ficure | MIN TYP MAX MIN TYP MAX UNIT 


Veo | Sipeiwoiage —SS~*dC*‘“~*‘idt ATSC sas | ars 5 oes |v 
Ta | Oreningtecarenpeae [fe = ipo [=o | 
snd [Sritineicnime S| pe Ci Ci 
on | pw saa roistine 

‘ont | snitounictine «dts fe Sid SSC~—~S 
Ftsou | sritOutowsme sts pw SSC~i SSC~d 
Fewrit | MestrResetpuse «dt of SSSSC~i SSS 
Fans [waster fesattost | pi 


















Switching Characteristics Over Operating Conditions 









= te 


tint | Shift Int to Input Ready LOW ae 
tiRHt | Shift InJ to Input Ready HIGH 14 25 a 


tt30 
fouT Shift Out rate ae +1435 DC 25 MHz 


(ont [Sion womanea iow [a ef 
Font | Shit Curt to OuputRessyHiGH [6 | |_| ne | 
opt [OuputDeia tod provouswors) | 8 | —S«dTSSC*dt 
Tops [Oupurdata shit reewors) | 8 |S SSSCS~C~S 
‘tor [Datatrovsnputorsatvous” | 4 | si aso | ——~wiO reo | ne | 
ORL [Mester eset ito Oupureedytow | 10 | em | wm | ne | 
wrinis [Mastr eet ionputResey HIGH | 0 [1 =] aw | ne | 
wim [Mester FesetnputRessy Low | 0 |= | emo | ne | 
rue [usenet wowstow [re [ee | es To | 


Note: Typicals at 5 V Vcc and 25°C TAL : 
* if the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
T See AC test and high-speed application note. 
TT Tested 
TTT Guaranteed by design (see test load). 
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Switching Characteristics Over Operating Conditions (continued) 


67413A 67413 


en eee ee 
[toms [ouputreawypusevigh |e [se [sid = 
Foo” [Ouptready HiGHeoaavaia | s | ——S | SSCS™C~=~ 
Ftaen” [suit Outitoarenich |_| | wows | me | 
rae.” [suitinitoariecow [| «>a | aso | ee | 
[asi [sn ouiwariecow | | «> eo | aso—saso | me | 
Farr [snitinvarewen «te | oes feos |e | 
turn’ [snitinitoHFHiGH + [aan —aeo | ana |e | 
Cae CL a a NE 
rez _| a 


Note: Input rise and fall time (10%-90%) = 2.5 ns. * See timing diagram for explanation of parameters. 



























67413A/67413 
Standard Test Load 

5vV 

R1 

OUTPUT TEST POINT 
R2>=30pF 
: Typical Igg vs Temperature 
"Input Pulse Amplitude = 3V : (Vec = MAX) 


Input Rise and Fall Time (10%-90%) = 2.5ns 


Measurements made at 1.5V 230 aa ae ele | 
oo 220 
Design Test Load | Hp 


5 V 35 (MHz) 210 


2K0 a 200 
Igc (mA) 


| : ea aNEe 
s. a 170 


-55-50 -25 0 100 
CASE Pees Hine (° a 





67413/A (Voc = 5.25 y 
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67413 Switching Characteristics isk Operating Conditions (continued) 


COMMERCIAL 
SYMBOL PARAMETER | FIGURE | MIN TYP MAX UNIT 


en | mputvessyposenice —SSS~iS Ss Sid 
‘opi |_Outputreadypuse GH ——~S~C~idCSC Sd SS~*d 
ono | Ouputressy  HiGHtoDstavais Sits | SCSOSCS~S | 
tac” | ShitowioareWGH Sd 
‘nen’ | Shitimt warevow dao | 
agg [Stout waricow [ef 

re | 

re | 























tHEH ~ Shift In t to HF HIGH 
tHEL Shift Out f to HF LOW 


tpHz 


ard 





280 380 














tpZL 


Output Enable Delay 


Note: Input rise and fall time (10%-90%) = 2.5 ns. 
* See timing diagram for explanation of parameters. 
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Absolute Maximum Ratings ._- fir Bp ste oe 

SUPPIY VONAGE V GE ia nhys ica ese tea aadwaaneewli ee saniounete rege pr enemas MRL iG a nts seaseeenes Renee -05Vto7V 
inpulvollage-nidoarsnieragiorieudastemaneats SERRE ATO Tse CERT LONI LST SE RARE PE ES -15Vto7V 
Off-state output voltage .........cccseeeseeeveceeees Chole et nasad eae aoe ee th al Or ade Ls re a IO eG NV, 
Storage temperature ineara siamese a eawnun Vale steers Meola deny eenas tere aeew sags ere eR ee ee -65° to +150°C 


67413 Operating Conditions Over Temperature Range 


eee 


eg | Sere ag i 
Ta | Oreaingtecarinpeaue st | 
Fst | Shitinniantine SSS a SSCSC~d 
gut entineowine 
ios | Imputeatasstup ——SSSCS~—~—~iS dS i 
wo | wowmenagime 

Roe ie 

ae re | 



















sox 
foe hippos eel 











COMMERCIAL 
TYP MAX 


] 
snitinrtonputreaaycow—SsS—S—*dCt |S | 
“unit | ShitinviotnputReaaynigh ———SS*dtS as 
‘ontt | Shit Outi to Oupurresaytow ——~—SidSsS|SCSCSaSC“*‘“‘aO | 

"shit Out! to OuputReady HIGH sds SCC | 
Output DataHolaprevouswors) «dsp SCSCSC~C~“S~S*~S~S~s 
Output Data Shit nextwors) ——~S*ds S| SSSCS™~S~S | 
ior | Data wrovsnputor"atrough” —~SCSC*dtSCSYSSCCSSC 
anon | Mater eset! to Cutputneaay tow |_| SSS | 
sms | Master Resell tolnputReasyHiGH —_+(| 10 | SS SS—= 


'tmMRIRL | Master Reset! Input Ready LOW* 18 30 ns | 
ituro | Master Reset | to Outputs LOW 32 55 | ons | 


Note: Typicals at5 V Vcc and 25°C Ta. 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
t See AC test and high-speed application note. 
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Electrical Characteristics over Operating Conditions 


[| towievetinpuvotage | SSSSSSSSSSSSSSidiCSCSt 


flea 
Low-level output voltage 













I = -18mA 
Vv, = 0.45 V -250| pA 


lo (Data outputs) eg 24mA 
= 67413A 
Voc = MIN lov (IR, OR) 67413 8 MATT 
loL (Flag outputs) ple 8mA 





| 
_ 
a 














High-level output voltage 





.=3 


Vo=0.4V yA 
nk 





Vv 
A 
Voc = MAX A 
Voc = MAX 
Voc = MAX. All inputs low. All outputs open. (67413A/67413) 





Off-state output current 





Supply current 











0 
E 


* — Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


** See curve for Iog vs. temp. 


There are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to test equipment. 


tt Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional Description 
Data Input , 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dy inputs. Data then present at the data 
inputs is entered into the first location when the Shift-In (SI) is 
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once 
data is entered into the first cell, the transfer of data in any full 
ceil to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble” to the 
front when data is shifted out). tpT defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When S! is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, JR will remain LOW. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 


presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpt) or completely empty (Output Ready 
stays LOW for atleast tpt). 2. Ff 


| AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
60 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 uF directly 
between Vcc and GND with very short lead length. In addition, 
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care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift-In-Input Ready 
combination, as well as the Shift-Out-Output Ready combina- 
tion, timing measurements may be misleading, i.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 


FIFO being full or effected by Master Reset, the Shift-In activity 


will be ignored. This will affect the device from a funcitonal 


.Standpoint, and will also cause .the “effective” timing of 


Input Data Hold time (T}pH) and the next activity of Input Ready 
(TIRL) to be extended relative to Shift-ingoing HIGH. This same 


‘ type of problem is also related to TiRH, TORL and TORH as 


related to Shift-Out. Data outputs driving a bus should be limited 


-to 10 MHz frequency. For high-speed applications, pleper 


grounding technique is essential. 


eh 


ieee 


( peace, CALLA ED 


tiRH 


Input Timing 


(40 ns) 28.6 ns ———_—_—$—$__——» | <_________ (40 ns) 28.6 as ———____—> 


in 
SHIFT IN <t—— 1$]}q{ —__ > >\—_—_—_——- tsI_L—_—_—_—_ 
INPUT READY 
INPUT DATA 
tips 
Figure 1. 
SHIFT IN (18 ns)___» 
: : | 10ns_ \) 
INPUT READY (12 ns) Sele 
12 ns 
INPUT DATA 


5 


ac 


‘SHIFT IN 


INPUT READY 


ru nna TIS sr ma — >TO OOD ‘ 


Yaa, OED 


Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate (67413A) 





Figure 3. The Mechanism of Shifting Data into the FIFO. 


@ ‘Input Ready HIGH indicates space is available and a Shift-tn pulse may be applied. 
@ Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 


® Input Ready goes LOW indicating the first word is full. 


® Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
5. Ifthe second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
- Note: Shift-tn pulses applied while Input Ready is Lowwill be ignored (See Figure 5). 
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SHIFT OUT 


SHIFT IN 








INPUT READY ae tpt 


INPUT DATA (\ 





Figure 4. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift In is held HIGH 


OO0CO 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 





<< ——_—_______— I/foy Tr [—__— I/foul —____—_—> 
SHIFTOUT . tsoH ~t#—————t SOL eC 
~<—torH 
OUTPUT READY tonp> —+-torRL 
~<—————tops 
topH 


i | Cc |) Sm 
—— ] = | 
Figure 5. Output Timing 


@ The diagram assumes that at this time, words 63, 62and 61 are loaded with A, Band C Data, respectively. 
® Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


~<¢——--__-_—. (40 ns) 28.6 ns <—_—_—_——- (40 ns) 28.6 ns —___—___—_- > 


SHIFT OUT 





a ae 
a, <a | <a 
No ® | | 


Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate (6741 3A) 


OUTPUT READY | 


@ The diagram assumes thatat this time words 63, 62and 61 are loaded with A, Band C Data, respectively. 
@ Datain the first crosshatched region may be Aor B Data. 
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67413A/67413 





SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 





_ Figure 7. The Mechanism of Shifting Data Out of the FIFO | 
Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


Output Ready goes LOW, 
Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 


©6606 OO 


If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 


SHIFT OUT 


OUTPUT READY 





Figure 8, tpy and top} Specification 


Q@) FIFO initially empty. 


SHIFT OUT x 


®@ ITITTITITITTITITIITITITIT ITA 
Puen enee LIVITILTLTILLI ALITA LALLA 


outrroarA | OND 1,0); 0000000000000 


Figure 9. Data Is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 
Word 63is empty. : 
Output Ready goes HIGH indicating arrival of the new data. 
New data (A) arrives at the outputs (word 63). 
Since Shift Out is held HIGH, Output Ready goes immediately LOW, 


Assoon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
words in the FIFO. ; ; 


OO O00 








67413A/67413 





MASTER RESET 
tMRW 


INPUT READY 


tMRIRH 


OUTPUT READY 


tMRORL—>| tuRs ——————_> 


SHIFT IN 





DATA OUTPUTS 


tMRO—> 


Figure 10. Master Reset Timing 


Q) FIFOis partially full. 





SHIFT OUT 


ALMOST FULL/EMPTY 





<-tSiH>| 
SHIFTIN . : 
— 
<< ta EL ————_ 


Figure 11. tacH, tag. Specifications 


@ FIFO contains 9 words (one more than almost empty). 





SHIFT IN Ce 
ALMOST FULL/EMPTY 
tsoH 
SHIFT OUT 
a 
taFL 


Figure 12. tari, tag, Specifications 
@ FIFO contains 55 words {one short of almost full) 
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SHIFT IN 


HALF FULL 


SHIFT OUT 





Figure 13. tuez., try Specifications 


@® FiFO contains 31 words (one short of half full). 


_ OUTPUT 
ENABLE 






COMPOSITE 
INPUT COMPOSITE © 
READY 43) OUTPUT 
READY 
SHIFTIN 


MASTER RESET 


Figure 14. 64x15 FIFO with 67413A/67413 


FIFOs are expandable in width. However, in forming wider words two external gates are required to generate composite Input and Output Ready flags. This requirement is due 
to the different fall through times of the FIFOs. ’ 
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° r . 


8-BITS 8-BITS 
PAPER rer: " 67413A 
TAPE . 64x8 
READER 


ENBL Si 





HALF FULL FLAG 


Figure 15. Application for 67413A “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Cascading the FIFO’s in word width is done by ANDing the IR and OR as shown in Figure 14. 


Three-State Test Load 

















vec 
R1 
TEST POINT" 
s1 
(SEE 
NOTE B) 
$2 
Design Test Load 
OUTPUT =i 
CONTROL 
(LOW-LEVEL 
ENABLING) ay 
$1 AND 
$2 CLOSED 
WAVEFORM 1 $1 CLOSED ‘ey 
(SEENOTE2) $2 OPEN 
tpz7H 
WAVEFORM2 S1 OPEN 
(SEE NOTE 2) $2 CLOSED a 
$1 AND 
$2 CLOSED 


Enable and Disable 


Notes: A. All diodes are 1N916 or 1N3064. : 


B. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the ~ 
. Output is high except when disabled by the output control. 


C. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 


DB. When measuring propagation delay times of three-state outputs, 
switches S1 and S2 are closed. 
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First-In First-Out (FIFO) 
64x4, 64x5 Memory 
10/15 MHz (Cascadable) 
CMOS 


67C401/13 
67C402/23 





Features 

¢ Zero standby power 

© High-speed 15-MHz shift-in/shift-out rates 

© Very low active power consumption 

© TTL-compatible inputs and outputs 

© Readily expandable in word width and depth 

* RAM-based architecture for short fall-through delay: 
¢ Full CMOS 8-transistor cell for maximum noise immunity 
e Asynchronous operation 

® Output Enable feature (67C4013/23) 

General Description 


The 67C40X/XX series devices are high-performance CMOS 
RAM-based First-In First-Out (FIFO) buffer memory products 
organized as 64 words by 4 or by 5 bits wide. These devices use 
Monolithic Memories’ latest CMOS process technology and 
meet the demands for high-speed, low-power operation. By 
utilizing an on-chip, dual-port RAM, a very short fall-through 
time is realized, thus improving overall system performance. By 
using both Read and Write pointers for addressing each memory 
location, the data can propagate to the outputs in much less time 
than in traditional register-based FIFOs. These FIFOs are easily 
integrated into many applications and perform particularly well 
for high-speed disc controllers, graphics, and communication 
network systems. The 550-uwatt standby power specification 
makes these devices ideal for ultra-low-power and battery- 
powered systems. ; 


Block Diagram 


INPUT SHIFT 
READY IN 


DATA IN 
















INPUT 
REGISTER 


MASTER 
RESET 




















WRITE 64x4/5 READ 
POINTER DUAL PORT -- POINTER 
COUNTER RAM COUNTER 










OUTPUT 
CONTROL 
LOGIC 













OUTPUT 
ENABLE 


OUTPUT 
REGISTER 


DATA OUT 





SHIFT OUTPUT 
OUT READY 


Ordering Information 


PART 
NUMBER PKG TEMP ; OUTPUT | DESCRIPTION 


Pin Configurations 

































67C401/13 
NC/OE vcc 
INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 
po 00 
D1 01 
DATA IN OUTPUTS 
D2 02 
D3 03 
GND MASTER RESET 
67C402/23 
NC/OE 18} voc 
INPUT READY 17) SHIFT OUT 
SHIFT IN J 3) 116] OUTPUT READY 
Do | 4| 15} OO 
pif 5| 14] 01 
DATA IN D2] 6| 13} 02 OUTPUTS 
D3 7 | 112] 03 
D4 [8 | 11} 04 
GND 79 | 110] MASTER RESET 
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Absolute Maximum Ratings | 


DUPBIY VONAGE: VAG sine otss nae ccenes. tev aaa waa Heed aeeun oie ak a NC Kare eee sR ET Oates Reese -0.5 Vto7-V 
INPUt VOITAGE= 4:4. cisrcce does crateiei cy cdietese a ele sace eee dis ierarouerharerararasese ane alpieieio do Wie lore Dewi ieie o daveb Wake sie nears Awlbleeiate es -15Vto7V 
Off-state output voltage ........... Seye a ldae esis sneetn eee eraitae kare cohen a We ee eee em orem ee ane y wecm nates -0.5 V to Veo +0.5 V 
Storage temperature ........... ASG ood ta Paeian & edt ee coate care ean Poise eared teawinatasae econ e sas -65°C to +150°C 
Power dissipation)... c.csc 53 odes Shee She Cates ital She Wid aT OO ie Ba Wire wate ale a eovle btdicens wees albus aberars bar tregeree cere ene 1.0W 
Latch-up trigger current (all OutpUtS) 01... ce eect eect tence eels alee ie sbce er ardineh din 608 neti ag aletaaserd de asete are 140 mA 


Operating Conditions over Temperature Range 


on 
Operating free-air temperature 






















ro 
E 

- 

N 


= 
ao 


| 
Master Reset to SI 


* See AC test and high-speed application note. 


ho (ee) 
if 
sy 


1,B 

4,B° 
4 

8 

8 


mM | w |] PO 
any asla 


ES nm a 
cs) 3 & in 
a ‘ 








Electrical Characteristics Over Operating Conditions 


67C40X/XX-10 | 67C40X/XX-15 
SYMBOL PARAMETER TEST CONDITION Min max | MIN Max | UNIT 


Voc = MIN V 
loL = 8mA 
IOH = -20 pA Vcc -0.1 Voc -0.1 
VOH High-level output voltage Voc = MIN V 
loH=-4mA 
Output short-circuit current | Voc = MAX| Vo =0V -90 -20 | -90 -20 


VIH = Voc 
Standby supply current 100 100 A 
ee eases Vcc = MAX| Vit = GND i 
; VIH_ = MIN, Vit = MAX 
Operating supply current 35 45 mA 
Cee ee fIN_= fouT = MAX 


* These are absolute voltages with respect to GND (Pin 9) and include all overshoots due to system and/or tester noise. 

















VOL Low-level output voltage 














** Not more than one output shouid be shorted at a time, and duration of the short circuit should not exceed one second. 
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Switching Characteristics over Operating Conditions 


67C0401/13 67C402/23 
a co 


67C40X/XX-10 67C40X/XX-15 UNIT 
MIN MAX } MIN MAX 













topH Output Data Hold (previous word) 5 
tmRORL | Master Reset! to Output Ready LOW 
tmRIRH Master Reset | to Input Ready HIGH 






Master Reset | to Outputs LOW 


tiPH Input ready pulse HIGH 


toPpH Output ready pulse HIGH 
Output ready f to Data Valid: 


Ene Output Disable Delay 
t 
uae Output Enable Delay re 
'PZH : 


* See AC test and high-speed application note. 






Capacitances* 


; 67C40X/XX-10 67C40X/XX-15 
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 




















* Not tested in production. 


OUTPUT ENABLE 











$1 AND 
$2 CLOSED 





WAVEFORM 1 $1 CLOSED 15V 
$2 OPEN VOL +0.5V 

Voi 
'PZH 
Vou 
WAVEFORM 2 S1 OPEN VOH -0.5 V 

$2 CLOSED 15V 


S1 AND 
Vr = 15 $2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the outputis 
high except when disabled by the output control. 
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Standard AC Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and Ox remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 


Resistor Values 





Three-State Test Load 


TEST POINT‘ vec 
‘i 
$1 
CL 
aa R2 
5 pF 
$2 


] 
a 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 


- Vocand GND with very short lead length. In addition, care must 


be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-In-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-In 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 
or effected by Master Reset, the Shift-In activity will be ignored. 
This will affect the device from a functional standpoint, and will 


’ also cause the “effective” timing of Input Data Hold time (T|pH) 


and the next activity of Input Ready (Tip) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to T]RH, TORL, and TORHAS related to Shift-In and 
Shift-Out. For high-speed applications, proper grounding tech- 
nique is essential. 
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67C401/13 67C402/23 





$f yg ——___________»> 





Vin 


SHIFT IN <a—— ts] 4y}#—_—_—" << tsj_ —————_», 


INPUT READY inal 


INPUT DATA A CD 


tips 


tiRH—>| 


Figure 1. Input Timing 


SHIFT IN 


INPUT READY 


ur Dara IYMHAYXe—— state para — XH AAAI AAAI XRAY) | 


Figure 2. The Mechanism of Shifting Data into the FIFO 





@® Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@® Input Data is loaded into the first available memory location. 
©® Input Ready goes LOW indicating this memory location is full. 
©® Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location i is empty as indicated by Input ee HIGH. 
® If the FIFO is already full then the Input Ready remains low. 
Note: Shift-In pulses applied while input Ready is LOW will be ignored. 


SHIFT OUT 
SHIFT IN 


INPUT READY 





Figure 3 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


@ FIFO is initially full. 
@® Shift In is held HIGH. 
® Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 
©@ As soon as input Ready becomes HIGH the Input Data is loaded into this location. 
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Wtout 4g yt, ————__> 
SHIFT OUT (2) 
_ ——'son——> tony————>| 
OUTPUT i 
READY 
| ‘|}«—— tops .~<——»|tonp tor. 
AV AAA 

DATA DATA a a SSS 1) c-DATA 

topH 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 





@ 
SHIFT OUT -_- —) 
@ (4) 
ee tac 
OUTPUT READY 7) Po Sa tee 
‘ MAAAAAN 
OUTPUT DATA A-DATA | AXXY YAK) B-DATA 


AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@® Output Ready goes LOW. 
@® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
@® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


SHIFT IN 







@ 


SHIFT OUT 
Ls eee 
OUTPUT READY 


topH ——>"! 


Figure 6. tpy and topH Specification 


@ FIFO initially empty. 

@® Shift-Out held HIGH. 

® Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In. 
@ As soon as Output Ready becomes HIGH, the word is shifted out. 








67C401/13 67C402/23 


SHIFT OUT - : \ @ : a. -4 
















® ® Qe S806 ee — == 

. : 444646664. 

CUTTER YLLLLL LLL TLL TOE: 
® 


OUTPUT DATA 


A-DATA 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@® The internal logic does not detect the presence of any words in the FIFO. 
@® New data (A) arrives at the outputs. 

@® Output Ready goes HIGH indicating arrival of the new data. 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@® Assoonas Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or remain LOW depending on whether there are any additional 
words in the FIFO. , 


MASTER RESET 
tMRW—— 
INPUT READY 


t{MRIRH ———_—_ 


OUTPUT READY 


tMwRORL—> 


SHIFTIN 


DATA OUTPUTS 





Figure 8. Master Reset Timing 
® FIFO is initially full. 


lec vs. Frequency 


Ta =0°C 
fin = fout 
Vip = MAX, Vipy = MIN 





0 1 5 : 10 15 
FREQUENCY — MHz ; 
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Guaranteed Distribution of tipH, tsoH vs. Temperature (For Cascadability Only) 


67C40X/XX-15 Veco 74.5V 67C40X/XX-15 , Voc =55V 


30 30 














25 25 
n wn 
S c 
| | 
w 20 uw 20 
= = 
- = 
45 15 
10 10 
0 >, 2 
AMBIENT TEMPERATURE — °C _ AMBIENT TEMPERATURE — °C 
67C40X/XX-10 : Voc =45V 67C40X/XX-10 ‘Veo =55V 
30 = 30 , 
25 25 
2 2 
| | 
wy 20 uy 20 
= = 
Fr = 
15 15 
10 10 
0 70 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 
Guaranteed Distribution of topy, ts}H vs. Temperature (For Cascadability Only) 
67C40X/XX-10/15 Voc = 45V “67C40X/XX-10/15 Voc =5.5V 
30 30 












: : 10 
0 70 0 70 
AMBIENT TEMPERATURE — °C wu a. AMBIENT TEMPERATURE — °C 





10 


Figure B. Cascadablility 
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First-In First-Out (FIFO) = 67C4033 
64x5 Memory - | 
10/15 MHz (Cascadable) CMOS CT 


Features 

® Zero standby power 

¢ High-speed 15-MHz shift-in/shift-out rates 

e Very low active power consumption 

© TTL-compatible inputs and outputs 

© Readily expandable in word width and depth 

© Half-Full and Almost-Full/Empty status flags 

¢ RAM-based architecture for short fall-through delay 

¢ Full CMOS 8-transistor cell for maximum noise immunity 





Ordering Information 


PART 
NUMBER | PKG TEMP DESCRIPTION — 











Pin Configuration 


Asynchronous operation 


6704033 


© Output enable 















General Description 
The 67C4033 device is a high-performance CMOS RAM-based 


First-In First-Out (FIFO) buffer product organized as 64 words INPUT READY J 3 | 
by 5 bits wide. This device uses Monolithic Memories’ latest 


HALF FULL [ 2 | 19] ALMOST FULL/EMPTY 


18] SHIFT OUT 






CMOS process technology and meets the demands for high- SHIFT IN 4 12] OUTPUT READY 
speed, low-power operation. By utilizing an on-chip, dual-port po] 5 | 116] 00 
RAM, a very short fall-through time is realized, thus improving - 
overall system performance. By using Read and Write pointers bi 6 | 15] 01. 
for addressing each memory location, the data can propagate to INPUT } 4, 7 a] 02 OUTPUT 
the outputs in much less time than in traditional register-based DATA DATA 
FIFOs. These FIFOs are easily integrated into many applications p3fs| 13] 03 
and perform particularly well for high-speed disk controllers, 
graphics, and communication network systems. The 550 pwatt ba} 3) 12] 04 
Standby power specification of this device makes it ideal for env [10] Mi] MASTER RESET 
ultra-low-power and battery-powered systems. 

: N 
Block Diagram owe aay 


INPUT 
REGISTER 
























WRITE 64x5 READ 
POINTER DUAL PORT POINTER 
COUNTER RAM COUNTER 
OUTPUT 
ENABLE OUTPUT 
OUTPUT 
HALF FULL REGISTER CONTROL [+ 
3 Loaic 


ALMOST FULL/ 
* EMPTY 


DATA OUT SHIFT OUTPUT 
OUT READY 
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Absolute Maximum Ratings . 
SUDPIY VOWAGA VOC ric. tisewceeansne see se ete eGl se seye teas on eb Uae eRe o eee eennuwanG beneanngesy Ceae es sees -05Vto7V 


INPUE VOItAGE aie s2cicses Poise etic cere eid eine eres ara OUCAS Grobe Ea weleiel eis bo dine 6-6 Haale Oo uals Oo a/bielsioeareGdwls woe Spee aie aa -15Vto7V 
Off-state output voltage: a iic-c: scien ku dios Hiecepeit wid ote owns bide ere sles oobi dae 6 oldie were siele’eG-4bieiei o ayeraierese atebie dee -0.5 V to Voc +0.5 V 
StOrage teMperature x6. aviecd vse b6 oo chiovere adic ajay bla d bale e eilelbd Hace owe ce cuibloe Gave Dewererd wae belo ee wae -65°C to +150°C 
POWer GiSSIDALION: 0:3 sinssiae cesatats cecal snarcieSaisiais apes @ ania eas aw SAS 0 No.0 w 4 eidwa Marcle Sebo ead SUNK AGE a SOsb s vA beset eentnees 1.0W 
Latch-up trigger Current, all OUtDULS ........ ccc cece cece eee e tenet e cece teen ee beeen naan tseeeereetseeteeeetteeeees 140 mA 


Operating Conditions over Temperature Range 


67C4033-10 67C4033-15 
SYMBOL PARAMETER | rGuRE MIN MAX | MIN MAX UNIT 


fIN Shift In rate MHz 
tsiH Shift in HIGH time 









ican acer 
ie [ed 
ee 


Fas | MeserResetiost SSCS~iSid Ci SCid 


* See AC test and high-speed application note. 


tRIDH Input data hold time from IR (Input Ready) 


—r 
N 





Electrical Characteristics over Operating Conditions 


67C4033-10 67C4033-15_ . 
| SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 


Vv 


Voc = MIN 
ior8ma | ow | oe | 
IOH = -20 nA Voc -0.1 Vcc -0.1 
VOH High-level output voltage Voc = MIN Vv 
lons-4ma | 2a te 


Icc 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 









VOL Low-level output voltage 











Voc = MAX 
lout =0 
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Switching Characteristics over Operating Conditions 


67C4033-10 67C4033-15 
SYMBOL PARAMETER | icune_| MIN MAX | MIN MAX UNIT 


Babs <A Soe! oom ee PT S| es | 
* 1 
pA ee | {sof 80 ts | 


tor.” Shift Out t to Output Ready LOW 
toRH™ Shift Out | to Output Ready HIGH 
Output Data Hold (previous word) , 















oO 
Ss) 
x 


ay —_ Ss 
= 





tops | Output Data Shift (next word). 

Data throughput 

Master Reset | to Output Ready LOW 
Master Reset | to Input Ready HIGH | 
Master Reset | to Ouputs LOW 

Master Reset ! to Half-Full Flag LOW 
Master Reset! to Almost Empty Flag HIGH 
Input ready pulse HIGH 


8 





8 


tMRIRH: 





(o) 
o 
alfa}ja 
rs) 








100 
100 


tMRHFL 
tMRAEH 
IPH 
toPH 





co 


Oo 
a 
BN 
= ajo 
=_ =a] 
oO o}o 
= 7 
rN ; 
re ee ee ee ee ee ee _ A 
afajafjoa}jajou @ 2 [e) > 
o;/o;}o|o};o;];o° a Oo _ 


Output ready pulse HIGH 
Output ready f to Data Valid 
Shift Out t to AF/E HIGH 
Shift In t to AF/E LOW 

. Shift Out t to AF/E LOW 
Shift In t to AF/E HIGH 

tHFH . Shift In t to HF HIGH 

tHFL Shift Out tf to HF LOW 


t 
Output Disable Delay 
Eee 4 Output Enable Delay 


* See timing diagram for explanation of parameters. 





taEH 
tAEL 
tAFL 
tAFH 











110 


12 








4 
= 
oOo 





Capacitances* 


Ta = 25°C, f= 1 MHz 


Cour | Veo=48V 


* Values not tested in production. 
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Three-State Test Load 


TEST POINT* yee OUTPUT ENABLE 





$1 WAVEFORM 1 - 


CL 


5 pF WAVEFORM 2 


Standard A.C. Test Load 


5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(SI) is brought HIGH. AS! HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the Ox outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is. HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and Ox remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 






S2 CLOSED 





$1 AND 
$2 CLOSED 











S1 CLOSED © nica 
S2 OPEN VoL +05 V 
Yo. 


tp2H 


‘$1 OPEN 






$1 AND 
$2 CLOSED 


Vy=15V 


Figure A. Enable and Disable 


Waveform 1 is fora data output with internal conditions such that the outputis 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the outputis 
high except when disabled by the output control. 


Resistor Values 





AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 


. Vocand GND with very short lead length. In addition, care must 


be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-In-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-In 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 


‘ oreffected by Master Reset, the Shift-In activity will be ignored. 


This will affect the device from a functional standpoint, and will 
also cause the “effective” timing of Input Data Hold time (T|pH) 
and the next activity of Input Ready (Tip) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to TIRH, TORL: TORH:, and the Status Flag timing as 
related to Shift-In and Shift-Out. For high-speed applications, 
proper grounding technique is essential. 
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HF and AFE Status Flags the FIFO contains thirty-one words, and SI and SO pulses are 
The Half-Full (HF) will be high only when the net balance of applied simultaneously, the HF flag may produce an arbitrarily 
words shifted into the FIFO exceeds the number of words shifted short pulse, depending on the precise phase of S! and SO. 


out by thirty-two or more (i.e., when the FIFO contains thirty-two 
or more words). The Almost-Full/Empty (AFE) flag will be HIGH 
when the FIFO contains fifty-six or more words or when the 
FIFO contains eight or fewer words (see Figures 9, 10, and 11). 


The flags will always settle to the correct state after the 
appropriate delay (e.g., THFL, THEH in this example). This 
property of the status flags will clearly be a function of the 
dynamic relation between SI and SO. Generally, the use of 


Care should be exercised in using the status flags because they level-sensitive, rather than edge-sensitive, status detection cir- 
are capable of producing arbitrarily short pulses. For example, if cuits will alleviate this hazard. 
Win ee 
SHIFT IN <—— tsjqH#—_—_ ea ie 
tiRH 
INPUT READY |. {RL 
SW AMAA (ANAAAAAANAAANAAAV 
inpur pata’ YA)X (=—to—=9) YAK RAIA 
tips 


Figure 1. Input Timing 


SHIFT IN 
INPUT READY 


mur nea IAQQI— sree ona —> INITIO TOO OOOO OOOO OOOO 


Figure 2. The Mechanism of Shifting Data into the FIFO 





@® Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@® Input Data is loaded into the first available memory location. , 
@® Input Ready goes LOW indicating this memory location is full. _ 
© Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
® If the FIFO is already full then the Input Ready remains low. ; 
Note: Shift-In pulses applied while Input Ready is LOW will be ignored. 
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SHIFT OUT 
SHIFT IN 


INPUT READY 


our ara XANAX COCO OOD XY 





Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


@® FIFO is initially full. 


@® Shift In is held HIGH. 
® Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 


@® As soon as Input Ready becomes HIGH the Input Data is loaded into this location. © 


1/foyt ——_——_——— 


Wout 
SHIFT OUT @) 
- OUTPUT ns 
READY O 
; <—'ops ~<«——>/ toRD tor . : 
YYW AV 
DATA dain hs A: (N00) erate 


topH 


Figure 4. Output Timing _ 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 





@) 
SHIFT OUT 
OUTPUT READY 9 eres ee 
; ®) 
AVA) 
OUTPUT DATA A-DATA AAA? B-DATA 


AORB 
_ ...Figure 5. The Mechanism of Shifting Data Out of the FIFO . 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
® Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 

Output data remains as valid A-Data while Shift-Out is HIGH. ; 
@ Output Ready goes LOW. coi . 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. ; 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


2-107 








67C4033 








SHIFT IN 


SHIFT OUT 


OUTPUT READY 





Figure 6. tpt and topy Specification 


® FIFO is initially empty. 

@® Shift-Out is held HIGH. : 

© Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In 
@ As soon as Output Ready becomes HIGH, the word is shifted out. 


SHIFT OUT < 


VALYLULILLLLLL A 
ULLIALAL LLL ALL LLL¢ 





OUTPUT READY 





OUTPUT DATA 


, A-DATA : 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@® The internat logic does not detect the presence of any data in the FIFO. 
@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

©® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


© As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or remain LOW depending on whether there are any additional upstream words in the FIFO. — 


MASTER RESET 
tuRW————> 
INPUT READY ) 
'MRIRK_ > 
OUTPUT READY 
tMRORL—> <<. tuRS§ ——______—> 


SHIFT IN 


DATA OUTPUTS 





Figure 8. Master Reset Timing 


® FIFO is initially full. 
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MASTER RESET 


HALF-FULL FLAG 


ALMOST 
FULL/EMPTY 





Figure 9. taRHFL; tMRAEH Specifications 


@® FIFO intially has between 32 and 56 words. 


<- tgoH> 


SHIFT OUT 


ALMOST FULL/EMPTY 





SHIFT IN 


tsiH <<—_——>| 


Figure 10. taEH, taEL Specifications 


@ FIFO contains 9 words (one more than almost empty). 


~ tsin > 


SHIFT IN 


ALMOST FULL/EMPTY 





SHIFT OUT 


tsou —_| <>] 


Figure 11. taFH, taFL Specifications 


@ FIFO contains 55 words (one short of almost full). 
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SHIFT IN 


HALF FULL 


SHIFT OUT 





Figure 12. tye, tyFH Specifications 


@ FIFO contains 31 words (one short of half full). 


OUTPUT 
ENABLE 


SHIFT OUT 






COMPOSITE 
INPUT COMPOSITE 
READY OUTPUT 
READY 
SHIFT IN 
MASTER RESET 
HF - HF 
AF/E AF/E 
HF HF 
AF/E sal ae AE 
. HEF : HF 
AF/E AF/E 


Almost Full (AF) is eight words or less to FIFO full. 
Almost Empty (AE) is eight words or less to FIFO empty 


Figure 13. 192x15 FIFO 
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8-BITS 


PAPER 
TAPE 
READER 


ENBL Si 





HALF FULL FLAG 


Figure 14. Application for 67C4033 “Slow and Steady Rate to Fast ‘Blocked Rate’” 


Note: Expanding the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13. 


lec vs: Frequency . 





Ta =o°c 


fin = four 
Vit = MAX, Vin = MIN 





061 5 10 15 
FREQUENCY — MHz 
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Guaranteed Distribution of tip, tsoH vs. Temperature (For Cascadability Only) 


67C4033-15 ; Voc =45V - 6704033-15 . Voc =5.5V 
30 F 30 : 










25 § 


TIME — ns 


15 § 


10L 





AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


67C4033-10 


Veco =4.5V 67C4033-10 . Voc =5.5V 
om 30 





AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


Guaranteed Distribution of top; tsip vs. Temperature (For Cascadability Only) 


Veco =45V 67C4033-10/15 Voc =5.5V 


6704033-10/15 
: 30 


30 





TIME — ns 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


Figure B. Cascadability 
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67C4500- 395/50/65/80 © 


Deep First-in First-out (FIFO) 


256x9 CMOS Memory 


DISTINCTIVE CHARACTERISTICS | 


RAM based FIFO 

256x9 organization 

Cycle times of 45/65/80/100 nanoseconds : 
Asynchronous and simultaneous writes and 
reads 

Low power consumption — 60 mA maximum 
Status flags - full, half-full, empty 


e Retransmit capability 


Expandable in both width and depth 


Increased noise iununlly for X1- CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 67C4500 is a RAM-based CMOS FIFO that is 256 
words deep with 9-bit wide words. Itis expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 22 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


Deep FIFOs such as the 67C4500 are useful in a wide 


range of applications. The ability to buffer large transfers: 


of data and the rate adaption capabilities make the 
67C4500 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


BLOCK DIAGRAM 





WRITE READ 
POINTER POINTER 


DATA 
OUTPUTS es 


DO-D8 






Figure 1. 


Publication # Rev. Amendment 
10804A B /0 
Issue Date: July 1988 


e 


08/S9/0S/SE-00StPOZ9 


qd OJDIW padueApY 


e 


SIDIAQ 
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= Note: Pin 1 is marked for orientation. 
Pin Designations: W = Write 


R = Read 

RS = Reset 

FURT = First Load/Retransmit 
D, = Data In 

Q, = Data Out 

Xl = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Voc = Supply Voltage 

GND = Ground 


ORDERING INFORMATION 


Standard Products 67 C 4500 - 35 N 


AMD/MMI standard products are available in several packages. 
The order number (Valid Combination) is formed by a combina- 
tion of: 

a. Device Number 

b. Speed Option CMOS TECHNOLOGY 
c. Operating Conditions 
d. Package Type 








c. OPERATING CONDITIONS 
67 = Commercial (0°C to 70°C) 


a. PART NUMBER 


b. PERFORMANCE 
35 ns = 35 ns t, 
50 ns = 50 ns t, 
65 ns = 65 nst, 
80 ns = 80 nst, 





d. PACKAGE TYPE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage, Vig ..sescsssssssseerescscssssseeeseeees -0.5Vto+7.0V 
INPUT VOMAGE: -ixsssssessccecernesecsssenssesercesecintenes 0.5 VtoV,. + 0.5 V 
Operating teMpPerature ..........ccessssessssseseesseseceees 0°C to + 70°C 
Storage temperature ..........cesccsssccecesssessesseees -58°C to + 150°C 
Power dissipation ..........c.cssssssssscsssssssessssessssessesessssscseaseees 1.0W 
DC Output CUITeNt........escsccssssecsseessscsssessssesseeearseseesntecs 50 mA . 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: V,, = 5 V + 10%, T, = 0°C to + 70°C 








67C4500-35 | 67C4500-50 | 67C4500-65 | 67C4500-80 













Parameter 






Output Logic “0” voltage |,, = 8 mA 


Average Standby Current 
(R = W=RS =FL/AT = V,,) (Note 4) 












Notes: 1. Measurements with GND < V,, < Vig. 


2. R2 Vi, GND < Vous S Veg: | : 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |, measurements are made with outputs open. 
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AC CHARACTERISTICS vcc =5 v + 10%, TA = 0°C to + 70°C 







Paramete Parameter 67C4500-35 | 67C4500-50 67C4500-65 | 67C4500-80 
Symbol Description Min. Max. Min. Max. ’ Min. Max. Min. Max. 











Write and Flag Timing 
Write Cycle Time 


lecoeatl 
Write Pulse Width 


Write Recovery Time oe 
Data Setup Time | 39 | 


Data Hold Time 3,9 


| 39 | 
Write LOW to Full Flag LOW | 6,9 | 
ee 





4 


oO 


a 


Ww 


Lis 


OH 


FF 
Write LOW to Half-Full Flag LOW 

tie Write HIGH to Empty Flag HIGH 

Write pulse HIGH to data bus ee 
at LOW Z (Note 1). - 

Read and Flag Timing 


Read Cycle Time 
Access Time 3,4,8,9 


Read Recovery Time 
Read Pulse Width 


Read pulse LOW to data bus 
at LOW Z (Note 1) 


HF 


= 
oO 


a 





LZ : 


5 : 
30 
45 
45 


RLZ 


Data Valid from read pulse HIGH 
Read pulse HIGH to data bus 


ate te te en ee 


(Te Precd hich io FulFag Hig | 68 ee | 
tee [Reed WIGHto Hat FulrlagHiGn| s | 4s | es _| a | 100 | re| 
[tgs [Rese Low otmpyFiagiow | se | a0 | «5 | 60 | 60 | mw 


‘OV 


Reset Timing : 
[thee [Reset Cycle Time Tey, 6 | 6 | 8 | 100 ‘| ns| 





ie [RecetPuisowiah | 2 | os | so | es | 0 ‘| re | 
Reset supine | 2 | ss | 60 | 6 | « [ms 
A OD 

as rm 


Retransmit Timing 
t 
t 


Retransmit Cycle Time ‘ 
Retransmit Pulse Width 


Retransmit Recovery Time 


ATC 


RT 





RTR 


Note: 1. Characterized parameters. 
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FUNCTIONAL DESCRIPTION: 
The 67C4500 CMOS FIFO is designed around a 256x9 dual-port 


Static RAM array. (See Figure 1.) RAM-based FIFOs store the . 


data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic ptevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 255. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the 67C4500. The write, read, data-in‘and 
data-out lines of the 67C4500 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-in (Xl) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 


handshake between XO and XI. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO 7 


Upon power up, the FIFO must be initialized with a Reset cycle. . 


(See Figure 2.) The states of X! and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,,, prior to and t,., after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 





Figure 2. Reset Timing 


_t, after the falling edge of R, and remains until t,, 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO i is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8t,, 
prior to and t,,, after the rising edge of W will be stored sequentially 
in the FIFO. ; 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs tees 
after the rising edge of W during the first.write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOW t,,_ after 


_. the falling edge of W during the write operation which creates the 


half-full condition. (See Figure 5.) HF will remain LOW, while the . 
number of writes to the FIFO exceeds the number of reads by 128 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW t, ,, after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 256 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow situ- 
ations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
after the rising . 
edge of R. Q0-Q8 return to a high-impedance state when a valid © 
read is not in progress. 


The Full Flag (FF) will go HIGH t,,, after the rising edge of Rduring | 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,, after the rising edge of R 

during the read operation, which eliminates the half-full condition. - 


. (See Figure 5). HF will remain HIGH, while the number of writes : 


to the FIFO exceeds the number of reads by 127 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs t,,, after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, thus preventing a data 
underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 128 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 128 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an.arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


- HF will always settle to the correct state after the appropriate 
- delay, tye OF taye This property of the Half-Full Flag is clearly a 


function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Comauraton Witte alia Mode 


| RS FURT Ear Read Pointer Write Pointer | EF | FF | HF | 


ee ace 
ee ee ae oe 
Read/Write Reece Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 












Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 











Internal Status 


FLURT FLAT] x | Read Pointer _. Write Pointer | oF | OFF 


xo 
sina ie: (Note 1) ae ees 
Reset all | XO 
Ea OREE: te) | totonste ee 


Read/Write sala Increment (Note 3) Increment (Note 3) eae 


Notes: 1. Xlis connected to XO of previous device: See cae 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle.’ 


Table 2. 





tps ——>- |< tpH > 


Dg-Dg : DATA IN VALID DATA IN VALID 


<~————— trew 





Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE AOC ONAE NEXT READ 


=| 


DATA 
OUT 









(See Note) 


R 
Note: Depending on the precise phase of Ww and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 
. Figure 5. Half-Full Flag Timing 


LAST WRITE NEXTREAD ADDITIONAL NEXT WRITE 





Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 256 or less writes between reset cycles. 


The FL/AT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tara after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
tare after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-In (Xl) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The 67C4500 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
Status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 
These two hazards can be avoided if one device's flags are used 


as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (tyes twues tyres teers Lauer ANC tye) 
for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 255, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 

When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the 67C4500 can be 
created by using both Width-Expansion Mode and Depth-Expan- 
sion Mode simultaneously. (See Figure 13.) 





Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t 


RTC* 


Figure 7. Retransmit Timing 
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DATA IN xX 





eee a) 


Note: (tree = taews taer = ther) 


Figure 8. Read Data Flow Through Mode 





ai 


=| 





Note: (twee = tows bwer = twee) 


Figure 9. Write Data Flow Through Mode 
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DATA IN 


HALF-FULL FLAG 





WRITE 
WRITE READ READ 
DATA IN DATA OUT FULL FLAG EMPTY FLAG 
FULL FLAG EMPTY FLAG RESET 
Be RETRANSMIT 
RESET —(fS), RETRANSMIT e 








Figure 12. Depth-Expansion to Form a 768x9 FIFO 


















Qo -Qg Qo -Q17 Qo-Qn 
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Je DEPTH DEPTH DEPTH 
R,W,RS EXPANSION EXPANSION [- +-+->{ EXPANSION 
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Dg Py = rePN Oey N 


6704500 





Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 
Depth-Expansion Techniques 
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AC TEST CONDITIONS 


Input pulse levels GND to 3.0 V 


Input rise and fall times 





Input timing reference levels 


Output reference levels 
Output load See Figure 15 


CAPACITANCE (T, = : 25°C, f = 1.0 MHz) 


} symbol | Parameter (Note 1) | Conditions /Typ.| Unit, 
routcepectones | varov | 8 | oF | 


Note: 1. For reference only. 











620 2 


TO OUTPUT 
PIN 


30 pF 





* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
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Deep First-In First-Out (FIFO) | 
512x9 CMOS Memory 
6704501-35/50/65/80 





Features 

© Ram-based FIFO 

e 512x9 organization ._. 

© Cycle times of 45/65/80/100 nanoseconds 

’ @ Asynchronous and simultaneous writes and reads 
e¢ Low power consumption — 60 mA max 

® Status flags - Full, Half-Full, Empty 

© Retransmit capability 

* Expandable in both width and depth 

e Increased nolse immunity for XI - CMOS threshold 
¢ Functional and pin-compatible with industry standard devices 


General Description 


The 67C4501 is a RAM-based CMOS FIFO that is 512 words 
deep with 9-bit wide words. It is expandable to any width and/or 
depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchronously and 
simultaneously at data rates from 0 to 22 MHz. Status flags are 
provided to signify empty, full, and half-full conditions. The 
capability also exists to retransmit data from the FIFO. 


. Deep FIFOs such as the 67C4501 are useful in a wide range of 
applications. The ability to buffer large transfers of data and the 
rate adaption capabilities make the 67C4501 useful in commun- 
ication, image processing, mass storage, DSP, and printing 
systems. 


Pin Names 


P pNNAME [DESIGNATION | 
fe eee 
a 

















Ordering Information 


PART 
NUMBER: DESCRIPTION } PACK | TEMP 


512-word by 9-bit FIFO 
512-word by 9-bit FIFO 


Pin Configurations | 
DIP 












67C4501 





PLCC 





6704501 
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Absolute Maximum Ratings* 


Supply voltage, Vcc ..... obeasdisies aeusteuetos pnuinda sees hes 
INDUt VONAOG 055) a sane vatund cawiaas be aasiealeg ee ele pare tee 
Operating temperature .............8- ee eee Meewteas 
Storage temperature ...... ccc cece cece cece ween eee e erence eeeees 
Power dissipation.......... waialgse’ eyecei sie Gye srolla. Gay alows uve wialalaiaeracs «sce 
D.C. output current ........... dodeaseseorwumeicethvebehinekes 


‘ot 
Note: 
Stresses greater than those listed under ‘ ‘Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions above those 


Lk eDeHAA Nae sea He aaa wkaarhe Smee -0.5Vto+7.0V 
iia pouches bcd ee DNS crs OOS GInda es SRA ewe ees ~0.5 V to Vcc +0.5 V 
se Sacelelavalqialasdie wield auld ral elbie ois wreisislore Camiadialesisaasin ears 0°C to +70°C 


ie ini (athe; s bia Slave l@ialoWr Gaia e'ele wie cdleee cies e Rtasaraian aeaueren ele. o eof 1.0W 
atdiaySta tare ooo iS ecolsvelesbini ofesBiavelsinceh ele wig are Aisle oiahapae Ge Weave 50 mA 


indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time 
may affect reliability. 


DC Electrical Characteristics commercial: Vec = 5 V +10%, Ta = 0°C to + 70°C 






67C4501-35 |67C4501-50 }67C 4501-65 |67C 4501-80 
Ta=35ns | Ta =50ns | Ta = 65 ns 
MIN MAX | MIN MAX | MIN MAX | MIN MAX 


SHA TT A ET TT 
[uc [ouputtskageourent ————SSCS~*~wd Ow vow | [00] A | 
[vin | inuthigh vote (annus oxcepth) ‘20 — [ao [20 —|20 —| v_ 
Vi [Inputiow vonage fltingusexcept®) —_—-[-0a|—oa|—- oa|- oa] v_| 
Px tow fs [as [as [a 


Output logic “1” voltage IoH = -2 mA 










SYMBOL PARAMETER 











Output logic “O” voltage IoL = 8 mA 


co Average Voc power supply current 


Tece’ | Aenge ney amen is W=RS= FLATS |= [=a [= w= | ma 
or [rowrermemeronrow-ves-aen [=e [= e|= els ma 


. Notes: 
1. Measurements with GND < Vin=Vcc- : 
2. R2Vin, GND < Vout = Vcc. : . 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 
4. loc measurements are made with outputs open. 
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Deep First-in First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/ 65/ 80 





AC Electrical Characteristics Vcc = 5 V 110%, Ta = 0°C to + 70°C 


yarn -35 |67C4501-50 |67C4501-65 |67C4501-80 
SYMBOL DESCRIPTION | moures [eres 35 MIN MAX | MIN MAX | MIN MAX UNITS 


Write and an ele 


ae eee ee ee ee 
rwew |Wetepusewian +f 3 jas | |e |e | ms | 
rwa [Witeresoveytime + 3 fw fe (ia | ws | 
ios [Datasetuptime «das jas ja‘ 
‘ton |Dstahotime ~~~ fois CdC«dCd 
wer |WieLowiowuitagiow | _6e | | | | | ms | 
wr |WeteLowioraititagtow | 6 |__| | e010 | rs | 
rwer | WiteHIGHtoempiyfagHIGH | | | | | 0 | m= 
rwiz! [WrtepuseHiGHtedtameattowz] 6 [wo [6 | |» | ws | 
Read and Flag Timing 

5 [es [8 [0 [wo | | 
[ta [Acoosstine —Ss=—=“‘*‘“r Cw | | ||| oe | 
fam Feadrecownrine 8 fois ieee 
Jtapw_|Readpuisewitn | sf so fs fos 
Fiz’ [Reed puso towiodslebeatiowz| 3 [sw [10 (0 | ww | 
ieee 1 a ee lee 
Fianz' | Resd puso HiGHtodeamusatHiGHZ| 3 | | so] 0] | ns 
eS 2) 
es Sd 
fear — [pastovworpytegion | ae [=f 
Reset ee 

fins __[Ressteycetme ———=S=S~=‘idtSCi‘ SC*d CdS OO 
ae or a Cee ee 
iiss _[Fesetsotuptime ——=Ssi«ztCtiSS*d sido CideO Cid; 
ring [Resetrecoveytme ——=Ss«d =e «| de «didi | 
‘ter, _[Resetioometyfiagtow | 2 | | es| 0] 100 | ms | 
Tir _[Resetiohattuntagicn | 2 | | es| | 10 | re | 
ECT 
Retransmit Timing 
Co an eae [wo | ws | 
tat Retransmit pulse width 65 80] ons | 
Retransmit recovery time | ons | 


Note: 
1. Characterized parameters. 


























2-126 &A monolithic tar Memories &\ 
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Block Diagram | 


DO-D8 


=| 





WRITE 
CONTROL 


WRITE 
POINTER 





READ 
CONTROL 


INPUTS 


DATA 







READ 
POINTER 


Figure 1. ° 


Functional Description 


The 67C4501 CMOS FIFO is designed around a 512x9 dual- 
port static RAM array. (See Figure 1.) RAM-based FIFOs store 
the data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from 
occurring. The Empty Flag prevents reading while empty, a data 
underflow condition. While the Full Flag prevents writing while 
full, a data overflow condition. Once data that has been stored at 
a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 511. Thus the flag status of the FIFO is a func- 
tion of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both ssirase pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the 67C4501. The write, read, data-in and 
data-out lines of the 67C-4501 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (Xl) lines are daisy- 
chained together. The write and read control circuits of the indi- 
vidual FIFOs are automatically enabled and disabled through 
the handshake between XO and XI. 


Operational Description | 


Resetting the FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO's mode of operation, as shown in 


Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH tRSS prior to, and tRSR 
after, the rising edge of Reset (RS). The reset cycle initializes 
the FIFO to an empty condition, signified by the Empty Flag (EF) 
‘being LOW (active), and aca the Half-Full (HF) and Full Flag 

(FF) being HIGH (inactive). 





Figure 2. Reset Timing 
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Deep First-In First-Out (FIFO) 512x9 CMOS Memory 67C4501-35/50/65/80 





Reset and Retransmit Truth Table — 
Single-Device Configuration/Width-Expansion Mode 














INPUT INTERNAL STATUS OUTPUTS 


a 
ae [ruat| | eaprowren | warrerowten | &F | FF | WF 
reef 0 | x [0 | tocatonzero | tocatonzero | 0 + | 1 
Revansnt a | 0 [| 0] tovatonsero | _unerangea |x | xt | x 
[rewrite [9 [0 [rome renin? x 


1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 






Table 1. ” § 


Reset and First Load Truth Table — Depth-Expansion/ Compound-Expansion Mode 


INPUT INTERNAL STATUS . OUTPUTS 
Fesst—ataovce | 0 | 0 | X0' | Localonzero |. tacalonzero | 0 | 1 | 


1. Xl is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3 Pointers will increment only if porrespaneing flag is eBNGH at the beginning of the cycle. 











Table 2. . 


LOW {WHF after the falling edge of W during the write operation 
which creates the’ half-full condition. (See Figure 5.) HF will 
remain LOW, while the number of writes to the FIFO exceed the 
number of reads by 256 or more. The Half-Full Flag is not availa- 


‘Writing Data to the FIFO. 


The HIGH state of the | Full Flag fast indicates that the FIFO i is 
capable of accepting data. The falling edge of Write (W) initiates 


a write cycle. (See Figure 3.) Data appearing at inputs DO-D8 
tDS prior to, and tDH after, the rising edge of W will be stored 
sequentially inthe FIFO. — 


The LOW-to-HIGH transition of the Empty Flag (EF) occurs 
tWEF after the rising edge of W during the first write cycle on an 
empty FIFO. (See Figure 4.) The.Half-Full Flag (HF) will go 


ble in Depth-Expansion Mode. The Full Flag (FF) goes LOW 
tWFF after the falling edge of W during the write cycle which 
creates a full condition. (See Figure 6.) A full condition exists 
when there have been 512 more write cycles than read cycles. 
The Full Flag being active prohibits any further write operations, 
thus preventing data overflow situations. 





- Figure 3. Asynchronous Write and Read ‘Timing 
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Reading Data from the FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a 
read cycle. (See Figure 3.) Valid data appears on the outputs 
Q0-Q8 tA after the falling edge of R, and remains until tDV after 
the rising edge of R. QO-Q8 return to a high impedance state 
when R is inactive, when the FIFO is empty, or when the FIFO is 
in Depth Expansion Mode but is not active. 


The Full Flag (FF) will go HIGH tRFF after the rising edge of R 
ee the first read cycle fc following a full condition. (See Figure 

6.) The Half-Full Flag (HF) will go HIGH tRHF after the rising 
edge of R during the read operation, which eliminates the half- 
full condition. (See Figure 5.) HF will remain HIGH, while the 
number of writes to the FIFO exceed the number of reads by 255 
or less. The Half-Full Flag is not available in Depth-Expansion 
Mode. The HIGH-to-LOW transition of EF occurs tREF after the 
falling edge of R during the read cycle, which creates an empty 
condition. An empty condition exists when there have been an 
equal number of write cycles and read cycles. The Empty Flag 
being active prohibits any further read operations, thus Beyer 
ing a data underflow situation. 


, 


LAST READ 





aI 


DATA OUT 


NEXT WRITE 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
‘balance of the words written into the FIFO exceeds the number 


of words read out by 256 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if 
the FIFO contains 256 words, and Read and Write pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 
short pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, tWHF or tRHF. This property of the Half-Full Flag is 
clearly a function of the dynamic relation between W and R. 
Generally, the use of level-sensitive, rather than edge-sensitive, 
status detection circuits will alleviate this hazard. 


ADDITIONAL 


ube NEXTREAD 





Figure 4, Empty Flag Timing 





iF See Note 


Note: Depending on the precise phase of Wand R, the Half-Full Flag may appear as a pulse of arbitrarily short duration of either polarity 


when W and R are operating asynchronously near half-full. 


Figure 5. Haif-Full Flag Timing 
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Retransmit 


The FL/RT is used as the Retransmit (RT) input in Single Device 
Mode. The retransmit capability is intended for use when there 
are 512 or less writes between reset cycles. RT, an active LOW 
going pulse of at least tRT in duration, initializes the internal read 
pointer to address zero and leaves the write pointer unaffected. 

W and R must both be HIGH during the retransmit cycle. The 
first write or read cycle should not start until tRTR after the rising 
edge of RT. The flags may change state during this cycle, but 
they will accurately reflect the new state of the FIFO tRTC after 
the falling edge of RT. (See Figure 7 and Table 1.) 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-In (XI) input. (See Figures 10 & 11 
and Table 1.) During these modes of operation, the Half-Full 
Flag and Retransmit features are available. The 67C4501 can 
be expanded in width to create FIFOs of word widths greater 
than 9 bits . In Width-Expansion Mode all of the control line 
inputs are common to all devices. (See Figure 11.) Creating 
composite status flags can pose two hazards. 1) OR-ing the flag 
outputs is fine for the HIGH-to-LOW transition, because the 
_ skew between devices is masked out. However, when the flags 
make a LOW-to-HIGH transition, a false composite flag is gener- 
ated due to the skew between devices. 2) The converse is true 
when the flags are AND-ed: the LOW-to-HIGH transition is fine, 
and the HIGH-to-LOW generates a false flag. These two haz- 
ards can be avoided if one devices’ flags are used as the flags 
for the expanded FIFO, and the write and read control circuitry is 


LAST WRITE 





=| 






designed to hold off sampling the flags until the worst case set- 
tling time ((WEF, tWHF, WEF, tREF, tRHF, and tWFF) for each 
flag has elapsed. 


, Depth-Expansion Mode 


Depth- Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. 


_The device that is to receive data first has its First Load (FL) 


input tied LOW, while all other devices must have this input 
HIGH. Write and read control is passed between devices using 
XO and XI. A LOW-going pulse on XO occurs when the last 
physical location, address 511, of an active device is written to, 
and another LOW-going pulse occurs when the last physical 
location of an active device is read. Only one device is enabled 
for writes, and only one device is enabled for reads at any given 
time. 


When ‘expanding in depth, a composite Full Flag must be 
created by OR-ing all the FF outputs together. Likewise, a com- 
posite Empty Flag is created by OR-ing all the EF outputs 
together. The Half-Full Flag and Retransmit functions are not 
available in Depth-Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the 67C4501 can be 
created by using both Width-Expansion Mode and Depth- 
Expansion Mode simultaneously. (See Figure 13.) 


ADDITIONAL NEXT WRITE 








Note: EF, HF and FF may change state during Retransmit as a result of the offset of the read and write pointers, but the flags will be valid at tRTC. 


Figure 7. Retransmit Timing 


SA A SS PS PSE ES TG SSS SCP 5 SS ESE ES SEED 
its rl 
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DATAIN x 





P WY 
maa a QIK Aa) 


Note: (tRPE = tRPW, 'RFT = REF) 
Figure 8. Read Data Flow Through Mode 


a 


DATAIN ( "aN fy 





el] 


=| 





DATAIN 


<—— tp—_» bases 


ae OUT ANY PAALD dite 





» Note : (WF = twew: twrT = WrF) 
Figure 9. Write Data Flow Through Mode 
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DATA IN 


HALF-FULL FLAG 






READ WRITE 


WRITE 
READ 


DATA OUT FULL FLAG EMPTY FLAG 


EMPTY FLAG RESET 
RETRANSMIT 


DATAIN 
FULL FLAG 
RETRANSMIT 


RESET 


DATA OUT 








Figure 12. Depth-Expansion to Form a 1536x9 FIFO 


Qg-Qg Qo -Q17 Qo -Qn 
Qo -Qs8 Qg-Q37 Q(N-8)-QN 
DEPTH DEPTH 
EXPANSION EXPANSION |- ----»| EXPANSION 
BLOCK BLOCK BLOCK 
Po-Ps : D(n-8)-DN 


Do -Dy eee 
DoDy =—-_—- Dy g-DN Din-syON 















Figure 13. FIFO Array Using Both Width-Expansion 
and Depth-Expansion Techniques Figure 14. Bidirectional FIFO Mode 
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AC Test Conditions 










Input pulse levels GND to 3.0 V 







Capacitance (Ta = +25°C, f = 1.0 MHz) 






Note: 
1. For reference only. 


SV 


620 0 
TO OUTPUT 
PIN 


390 9 30 pF 


“Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 


SYMBOL PARAMETER’ CONDITIONS UNITS 












2-133 





67C4502-35/50/65/80 © 


Deep First-in First-out (FIFO) 


1024x9 CMOS Memory 


_ DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 

1024x9 organization 

Cycle times of 45/65/80/100 nanoseconds 
nay nenronous and simultaneous writes and 


Low power consumption — 60 mA maximum 
e Status flags - full, half-full, empty 


e Retransmit capability - 

e Expandable in both width and depth 

e Increased noise immunity for X! - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


_ GENERAL DESCRIPTION 


The 67C4502 is a RAM-based CMOS FIFO that is 1024 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 22 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit dat 
from the FIFO. 


Deep FIFOs such as the 67C4502 are useful in a wide | 


range of applications. The ability to buffer large transfers 
of data and the rate adaption capabilities make the 
67C4502 useful in communication, image ;.‘ocessing, 
mass storage, DSP, and printing systems. 


BLOCK DIAGRAM 


DO-D8 


=| 


WRITE 
POINTER 


READ 
CONTROL 





EXPANSION 
LOGIC 


DATA 


+ | INPUTS 


READ 
POINTER 














Figure 1. 
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es 


08/S9/0S/SE-20SPOZ9 


CQ O1DIW PaduUeAPY’ 


¢ 


SIDIAQD 


Publication # Bev. Amendment 
10473 B ‘A 
. Issue Date: July 1988 - - ‘ " 


CONNECTION DIAGRAMS 


DIP PLCC 


6704502 | 
67C4502 





Note: Pin 1 is marked for orientation. 





FL/RT = First Load/Retransmit .- - 

D, = Data In 

Q, = Data Out 

XI = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Voc = Supply Voltage 

GND = Ground 


ORDERING INFORMATION 


Standard Products 67 C 4502 - 50 N 


AMD/MMI standard products are available in several packages. 
The order number (Valid Combination) is formed by acombina- | ¢: OPERATING CONDITIONS 


tion of: 67 = Commercial (0°C to 70°C) 











a. Device Number 

b. Speed Option CMOS TECHNOLOGY 
c. Operating Conditions 

d. Package Type | a. PART NUMBER 


b. PERFORMANCE 
35 =35nst, 
50 =50nst, 
65 =65nst, 
80 = 80nst, 


d. PACKAGE TYPE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 


Supply Vonage; Vig wisscdstssacsssiaseveacssnsvsisnpasccrese’ -0.5 V to +7.0 V 
Input VOItAGE .........esssecscceccscesensssstcssensneseees -0.5 V to V,, +0.5 V 
Operating temperature .............scccsssecsssseseseeeesenees 0°C to +70°C 
Storage teMPerature ou... ceesseesssesecscesetseesees -55°C to +150°C 
Power dissipation .......:.cssssssssssssesssssesescersesesscessees a piveeauaets 1.0W 
DC output CUrreNt .......eseeserseess ivesdeses woh codeateveadeseantecsesteat 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 7 ' 
above these limits is not implied. Exposure to absolute maximum ae 

ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS commercial: V,,= 5 V#10%, T, =0°C 10 470°C 


Siri 67C4502-35 | 67C4502-50 67C4502-65 67C4502-80 
’ Parameter ; T, = 35 ns T, = 50 ns T, =65ns T, = 80ns 


‘Description Min. Max.| Min. :Max. Min. Max. . Min. Max. 


c fertmewavenineranen [sap pat 
fe feria cremtenciwes Bawa | 0 [ew | ww [ew fw 
CR oer Ml 

Cane [=e f= |e] 
iia ron vanansiowws fas - | a8 - | 2 - [os - |v 
in fowtonvonm town | -_e| - | - ve | - vs |v 

Output Logic “1” Voltage I,,,=-2 mA Pa ea ae ee 
Vor Output Logic “0” voltage |,, = 8 mA La oa, Oar fae om = oa | 
a pene vomsuorcornieno [=a | - #9 | - «| - « [on 


Average Standby Current 
(R=W=RS=FURT = Ved (Note 4) 





Notes: 5 Measurements with GND < V,, $ Veg 
. R> Viv GND <V : 
A These are absolute voltage levels with respect to the ground pins on the device and include all aiaiehoals due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 
4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS vec = 5 V +10%, T, = 0°C to +70°C 


Parameter Parameter 67C4502-35 | 67C4502-50 67C4502-65 | 67C4502-80 
Symbol! Description Figures| Min. Max. Min. Max. Min. Max.. |.. Min. Max. 


Write and Flag Timing : 


SN 


Write Pulse Width 
















Write Recovery Time ~ 


oO 


Data Hold Time 
Write LOW to Full Flag LOW 


n 


eee 
Data Setup Time 
| 6.9 | 


Write LOW to Half-Full Flag LOW 


eee 
| 39 | 
| 3.9 | 
__ {Write HIGH to Empty Flag HIGH | 4.8 | 
s | 


z 


Write pulse HIGH to data bus 
at LOW Z (Note 1) : 


- Read and Flag Timing 


i 





Read Cycle Time 


JAccessTime | 8.4.8.9 


é 
to) 


rT 


at LOW Z (Note 1) 

Zz at HIGH Z (Note 1) 

Reset Timing : 

[Reset Cycle Time | 2 

[Reset Pulse Width | 2 

[Reset SetupTime | 

[Reset RecoveryTime | 2 
ai 
ai 
Pee 


=e 
on 
_— 
oa 


= 
f=) 
3 o 


R 


= 
oO 
_ 
°o . 


‘a 
ki 
hy 


PW. 
LZ 
H 


ii 


a 


bp 
oi a 





Reset to Empty Flag LOW 
Reset to Half-Full Flag High 
tr, . | Reset to Full Flag HIGH 


Retransmit Timing 


a7 
x 


a> int” fast oe fa 
idddidd 


45 
45 


Retransmit Cycle Time 
Retransmit Pulse Width 
Retransmit Recovery Time . 


oO 


T 


a 


Note: 1. Characterized parameters. 


(1) 
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FUNCTIONAL DESCRIPTION 

The 67C4502 CMOS FIFO is designed around a 1024x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. ; 


The dual-port RAM array has dedicated write and read address 


pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 1023. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 


address zero. Pulsing Retransmit initializes the read address _ 


pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the 67C4502. The write, read, data-in and 
data-out lines of the 67C4502 are connected in parallel, and the 


Expansion-Out (XO) and the Expansion-In (Xl) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and Xl. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 


(See Figure 2.) The states of Xl and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 


‘Tables 1 and 2. For a valid reset cycle to occur, both the Read (R) . 


and Write (W) signals must be HIGH t,,,, prior to and t,,,, after the 
rising edge of Reset (RS). The reset cycle initializes the FIFO to 
an empty condition, signified by the Empty Flag (EF) being LOW, 

active, and both the Half-Full (HF) and Full Flag (FF) being HIGH, 

‘inactive. 


XO/HF 





Figure 2. Reset Timing 
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Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t,, 


prior to andt.,,, after the rising edge of W willbe stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) Occurs ty, 


after the rising edge of W during the first write rite cycle on an empty 


FIFO. (See Figure 4.) The Half-Full Flag (HF) will go LOW se 
after the falling edge of W during the write operation which creates 
the half-full condition. (See Figure 5.) HF will remain LOW, while 
the number of writes to the FIFO exceeds the number of reads by 


~ 512 or more. The Half-Full Flag is not available in Depth-Expan- 


sion Mode. The Full Flag (FF) goes LOW t, after the falling edge 
of W during the write cycle which creates a full condition. (See 

Figure 6.) A full condition exists when there have been 1024 more 

write cycles than read cycles. The Full Flag being active prohibits 

any further write patel thus preventing data overflow Situ: 

ations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,, after the rising 
edge of R. QO-Q8 return to a high- impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t,,, after the rising edge of R during 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,, after the rising edge of R 

during the read operation, which eliminates the half-full condition. 

(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 511 or less. The Half- 

Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 

LOW transition of EF occurs t,,,, after the falling edge of R during 

the read cycle, which creates an empty condition. (See Figure 4.) 

An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 

prohibits any further read operations, thus preventing a data 

underflow situation. : 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 512 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, ifthe 
FIFO contains 512 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


‘HF will always settle to the correct state after the appropriate 


delay, t,,,- OF t,,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between Wand R. Generally, the 
use of level-sensitive, rather than edge- “sensitive, status detection 
circuits will alleviate this hazard. — 


RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode 


Internal Status 


Mode — Bast. aa — fee ene | Outputs | 
| RS | FLU/RT xt | Read Pointer Write Pointer | EF | FF | HF | 
<n eso ee aeee 


[reent [+ [2 Lo [tonne [tr 
Read/Write Pa ie - ee | Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 





Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


Mode —— 
as | FL/RT =o Read Pointer Write Pointer | oF | FF 


’ gi? ne ; 
Reset all XO 
Read/Write Toca (N a @ 1) Increment (Note 3) Increment (Note 3) Se | 2 | 


Notes: 1. Xl is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 










Table 2. 





Do-Dg 


-+———— 'npw 


Qo-Qg 





Figure 3. Asynchronous Write and Read Timing 
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_ LAST READ NEXT WRITE tt llad eg NEXT READ 


<| 


DATA 
OUT 





Figure 4. Empty Flag Timing 


HF (See Note) 





Note: Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


ADDITIONAL 
LAST WRITE NEXT READ READS NEXT WRITE 





Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn't exceed the FIFO’s depth and is intended for use 
when there are 1024 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
eee cycle. The first write or read cycle should not start until 
tarr after the rising edge of RT. The flags may change state during 
ie cycle, but they will accurately reflect the new state of the FIFO 
tare after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-In (XI) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The 6764502 can be ex- 
panded i in width to create FIFOs of word widths greater than nine 
bits. In Width- -Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 


transition is fine, and the HIGH-to-LOW generates a false flag. : 


These two hazards can be avoided if one device's flags are used 


as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (tyes tyes ters tree tae» aNd ty.) 


’ for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XOof the last device being connected to XI of the firstdevice. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 1023, is writtento, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must be created 


by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 


Half-Full Flag and Retransmit functions are not available in Depth- _ 


Expansion Mode. 
Compound Expansion | 


FIFOs of greater width and depth than the 67C4502 can be 
created by using both Width-Expansion Mode and Depth-Expan- 
sion Mode simultaneously. (See Figure 13.) 





Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t 


‘RTC’ 


Figure 7. Retransmit Timing 
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DATAIN — 


=| 


DATA OUT 





Note: (tape = thew: tart = tree) 


Figure 8. Read Data Flow Through Mode 


=| 





DATA IN | 
VALID ) 


DATA IN | 


ta Se 
NW) AWWW 
ciicces UK oxsases XII) 


Note: (twee = twews Wwer = bwer) 


Figure 9. Write Data Flow Through Mode 
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HALF-FULL FLAG DATA IN 


WRITE READ WRITE - 


READ 
DATA OUT 


DATA IN FULL FLAG EMPTY FLAG 


FULL FLAG EMPTY FLAG RESET 


RETRANSMIT 
RESET RETRANSMIT ie 








Figure 12. Depth-Expansion to Form a 3072x9 FIFO 


Qo -Q8 Qo -Q17 Qo-Qn 


Qo -Q3 Qg-Q47 Qin-8)-Qu 4 SYSTEM A 
DEPTH DEPTH 
EXPANSION [>| EXPANSION 




















eos as DEPTH 
R,W,R eee] EXPANSION Ra 
BLOCK BLOCK BLOCK as 
a ve 
Do -Dn g eee D(N-8) “ON EF, FF 
DoDy = Dyg-DN = Dyny-gy DN 
Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 


Depth-Expansion Techniques 
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AC TEST CONDITIONS 


Input pulse levels GND to 3.0 V 














[esiseaitrines [rs 


TO OUTPUT 
_ PIN 





* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
CAPACITANCE (1, = + 25°C, f = 1.0 MHz) ; 


rns | Wurov | 6 | 


Note: 1. For reference only. 
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Serializing First-In-First-Out 


67417 


(FIFO) 64x8/9 Memory 





Features/ Benefits 

e High-speed 28-MHz serial shift-in/shift-out rate 

@ 10-MHz parallel shift-in/shift-out rate 

e¢ Three-state outputs with Hi-current drive 

e Cascadable at parallel port only 

© Half-full flag (32 or more) 

e Selectable 64x8 or 64x9 FIFO configuration thus providing 
“frame mark bit” 

Typical Applications 

e LAN equipment 

® Data communication 

© Office automation 

@ Microcomputers 

e Minicomputers 

e Disk/tape controllers 


Description 


The 67417 is aserializing/deserializing FIFO. This FIFO, the first 
one of its type in the industry, is organized 64 words x 8/9 bits 
wide. Like traditional Monolithic Memories’ FIFOs it is cascada- 
ble, but only at the parallel port. 


Pin Configuration 


PDIR { 1 | 


POE 





Ordering Information 


PART 
NUMBER PACKAGE | TEMPERATURE DESCRIPTION 


[emi7 |v | com | nae 












In addition, the device has the ability to connect directly to a 
system bus. These features make ita complete “sub-system ona 
chip.” 
The FIFO basically has three modes of operation; 

1. Serial in to parallel out 

2. Parallel in to serial out 


3. Serial in to serial out (requires non-standard logic level 
on PDIR). 


In the first mode, serial data can be accepted at up to 28 MHz and 
the FIFO outputs parallel data at up to 10 MHz. Similarly, in the 
alternate mode parallel data can be transformed into serial data. 
Please refer to appendix for detailed description. 


Pin Names 






aA Paral! mput/Oupul ead 
S10 — | Seri put Daa 
relat earl wines 
SOD | Serial Output Data 
"SOs | Serial Output Shit 
SOR | Serial Output Ready | 
PoIR_| 
rw | 
cae _| 
rae | 













Parallel Port Direction 


Word Length 
Master Reset 
Half Full Flag 
















67417 








Block Diagram 





SERIAL INPUT SHIFT (StS) ———— 
SERIAL INPUT READY (SIR) ; 
SERIAL INPUT DATA (SID) ——-——> 


SERIAL INPUT 
CONTROL LOGIC 












<-———— PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 

HALF FULL FLAG (HF) 
<———— PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 

WORD LENGTH (WL) 





FIFO 
CONTROL 
LOGIC 


PARALLEL DATA PORT 
(P0-P8) 










’ PARALLEL 
OUTPUT ENABLE 
(POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) 
SERIAL OUTPUT READY (SOR) 





SERIAL OUTPUT 
CONTROL LOGIC 
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Absolute Maximum Ratings 


Supply VOItage VOCS -e cere eect eee e eect eee eee eee n nent e nee EEE ene Eee EEE EEE nese nanan teens eeee seen etes -0.5Vto7V 
Tay 910) ak1Z6) | (|= apa aa -15Vto7V 
Off-state output Voltage 2... . cece cece cece eee ene eens Sek sere og nie Susi bah blend Levee we WAS 4 bao Ue eA SEBO. SIRS belo SDS -0.5Vto5.5V 
Storage temperature 2... cee eee ee een e eee Eee One ener seen eee eee tee tes -65° to +150°C 
Operating Conditions 












COMMERCIAL int 
SYMBOL PARAMETER MIN TYP MAX 


rveg| vote SSSCSC~=“~*~‘“‘~*~*~*~sSC‘“‘“zCASS™COW™*S”SO™C~CSSC VY 
Operating free-air temperature i eee Es 
| —Semiat eur ranamerens | SS SSC~dYCC 
Ten | Max Serelshitinrate SSS’ |S | 
Serial Shift-In HIGH time 

Serial Shift-In LOW time 

Serial Input Data Setup time 
Serial Input Data Hold time 


t Recovery Time Serial Input Ready t to 
SIRHS Serial Input Shift ! 


SERIAL OUTPUT PARAMETERS 


ed 
Max. Serial Shift-Out Rate 
| tsosH_| 


tsosH Serial Shift-Out HIGH time 


Serial Shift-Out LOW time 
Recovery time Serial Output Ready t 
to Serial Output Shift t 
aes WORD LENGTH PARAMETERS 
Setup SIS, SOS 
Hold SIS, SOS 


aaa PARALLEL PORT PARAMETERS 
fp Parallel shift-in/shift-out rate 
tpsH. Parallel Shift-Iln/Out HIGH time ; 5/8 - 


Parallel Shift-In/Out LOW time 









— 


=] a 
& /] PM 


_e 
ao 


= 
an 


1,3 18 


- <r 
N N 


1 ee I 


wo 





[ov] 
Oo 


— 
oO 


ae MASTER RESET PARAMETER 


wo 
ao 


5/8 
14 
14 







30 


12/13 40 
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Switching Characteristics Over Operating Conditions 


SYMBOL PARAMETER a . 


SERIAL INPUT PARAMETERS 
Serial Input Shift t to Serial Input Ready LOW 
Serial Input Shift t to Half-Full Flag HIGH 
SERIAL OUTPUT PARAMETERS 
Serial Output Shift t to Serial Output Ready LOW 
Serial Output Shift t to Serial Output data 
Serial Output Data valid to Serial Output Ready HIGH 
Serial Output Shift t to Half-Full LOW 
PARALLEL INPUT/OUTPUT PARAMETERS 
" Parallel Shift 1 to Parallel Ready LOW 5/8 
Parallel Shift | to Parallel Ready HIGH 
Parallel Shift-In | to Half-Full HIGH 
Parallel Shift-Out | to Half-Full LOW 
PARALLEL OUTPUT PARAMETERS | 
Minimum Parallel Shift | to Ouput data 






COMMERCIAL 
MIN TYP 


= 

> 

x 
Cc 
< 
4 












tSIRL 
tSIHFH 


tSORL 
tsop 
tODRH 
tSOHFL 


a = Nyy = 
co) w oO] o w 


tPSPRL 
tPSPRH 
'PSHFH 
tPSHFL 


5/8/1 








:~ 


n no n 











tPODH 
tpoD 
tpODV 


a wo 


Maximum Parallel Shift | to Output data 


Oo 
= 
a 


Minimum Output data valid to parallel ready HIGH 
OTHER PARAMETERS 
tpT Fall-through time 


10/11/16/17 


_ 
—_ 


Parallel Input Ready pulse HIGH 
Parallel Output Ready pulse HIGH 

Master Reset | to Data Out LOW © 

Master Reset ! to Serial Input Ready LOW 
Master Reset t to Serial Input Ready HIGH 
Master Reset ! to Parallel Ready LOW 
Master Reset t to Parallel Ready HIGH 
Master Reset ! to Serial Output Ready LOW 
Master Reset | to Half-Full LOW . 


IPH 
tOPH 
tMRO 
tMRSIRL 
tMRSIRH 
tMRPRL 
tMRPRH 
tMRSORL 
tMRHFL 
tPDIROR 
tpDIROD 
tPDIRPZ 


'PDIRSZ 
tpzx | Output enable time POE to P0-8 


tpxz © | Outputdisable time POE to P0-8 ~~ 





Le) 
Oo 


b 





_ 
i) 





4 
nd 


12/13 
3 


— 


1 
12/13 
1 


f 


Parallel! Direction change to new Output Ready 


Parallel Direction change to Output data valid 4 


= 
bt 


- Parallel Direction change to Parallel Output data Hi-Z 1 


—s 


Parallel Direction changes to Serial Output-data Hi-Z 


— 
oi 
@o 
| 
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Electrical Characteristics over Operating Conditions 


SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 


Vic | towel nputvotage 
a a SR” SN 
“Vig | trputcampvonage __|Veg=MN[ yea —SSCS*YCSSCSC EV 
Tin | tewievetiputcurent [Veg =max] w=dav ——S—S*dY SSC ma 
“ir | Maximum inputcunent [Veo =max| wi=ssv——SS*dY S| ma 
ns ae 
Paso | 0s5) 
fasiemalcrso] a 
Aioheroupiejoc=8ma | ———os 
on | wimatoseaames [Vege |igg=-ame Re 
dC 


ea) 
PDIR non-standard 


* Not more than one output should be shorted at a time and duration of the short circuit not exceed one second. 
ft This is an absolute voltage with respect to device GND (pin 12) and includes all overshoots due to test equipment. 



















Data Outputs 






VoL Low-level output voltage Voc = MIN | P0-P8, SOD 















Test Waveforms 


Test | S=OPEN | S=CLOSED | OUTPUT WAVEFORM-MEAS-LEVEL 





50 pF ii 1.1K 





2-149 





67417 








lcc VS Temperature 


.NORMALIZED Ioc 
= 
‘ o 


‘ AMBIENT TEMPERATURE °C 
Definition of Waveforms 


SERIAL OUTPUT SHIFT 
(SOS) 
OR / \ / \ . 
PARALLEL SHIFT OUT 
PS(O) 


® 
SERIAL INPUT READY 
(SIR) @ Atsiyj ———_—— 
tsiIRHS 'sISH — tsisL 
SERIAL INPUT SHIFT 
(SIS) ® 
SERIAL INPUT DATA KAXKAXKAKAAAAYD 
STABLE DATA 
ee) : eee YAY 
‘sips <—_—_»>}—tsipH 
_WORD LENGTH : 
(WL) 
-tSwL | —>}— tw 
© FIFO is full. 


® Shift-out (serial or parallel) is asserted, SIR goes High. 
@® SIS can be asserted tsjRys after serial input ready changes from low-to-high. 


_ Figure 1. Serial Input Timing 


SERIAL INPUT READY @ 


(SIR) 


<-tsiRL 


SERIAL INPUT SHIFT 
(SIS) 


@ FIFO is not full. - 
® FIFO is full. 


Figure 2. FIFO Full Specification (ts}RL) 





2-150 


67417 





Definition of Waveforms (cont’d) 


PARALLEL/SERIAL 
INPUT SHIFT 
PS(I)/SIS 


SERIAL OUTPUT READY 
(SOR) 


SERIAL OUTPUT SHIFT 
: (SOS) 


WORD LENGTH 
(WL) 


SERIAL OUTPUT DATA 
(SOD) 








@ FIFO is empty, output ready remains Low and shift-out cannot be applied. 
@® After a word is shifted in, output ready goes High and shift-out can be applied. 
©® The first serial bit is PO. 


Figure 3. Serial Output Timing 
SERIAL OUTPUT SHIFT 
(SOS) 


SERIAL OUTPUT READY 
(SOR) 





@ After the last shift-out, output ready goes Low indicating FIFO is empty. 


Figure 4. FIFO Empty Specifications (tsoRL) , 
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Definition of Waveforms (cont'd) 


PARALLEL SHIFT (IN) 
(PS(I)) 


PARALLEL DATA |} WW STABLE DATA - 
(Po-g) NAMA 


PARALLEL READY (INPUT) 
PR(!) 





NOTE: Ppjp = High for the mode parallel-in to serial-out. Parallel ready is an output flag from the FIFO re that a word can be loaded into the FIFO 


@® FIFO is not full and ready for input. 


@® PS (In) is asserted, shifting in paralle! data P0-8. 
PR (In) goes Low indicating parallel port is in use and no longer ready. 


PR (In) will remain Low as long as PS (In) remains High. 
@® PS (tn) has gone Low, allowing recent word to propagate through FIFO, PR (In) returns High when ready for more input 


Figure 5. Parallel Input Shift Timing 


PARALLEL SHIFT (INPUT) @ 
(PS(I)) 
* |<—— tpsHFH ——>} 
HALF FULL 


(HF) 


'@ for Ppp = High, the direction is parallel-in to serial-out. After the 32nd shift-in, the half-full 
flag is set to High, and remains High, indicating the presence of 32 or more words. 


Figure 6. Half-full Flag Specifications on Parallel (tpgpFy) 


SERIAL INPUT SHIFT 
(SIS) 


jt tg HEH ———_> 


* HALF FULL FLAG 
(HF) 


SERIAL OUTPUT SHIFT 
(SOS) 





@ When there are 31 words in the FIFO, the next shift-in on the 32nd word sets the 
half-full flag (HF) High indicating that there are 32 or more words. 


® Assoonas one word is partially shifted out, HF goes Low indicating there are 
less than 32 words. 


Figure 7. Half-full Flag Specification on Serial Operation (tsjHFH> tSOHFL) 
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Definition of Waveforms (cont'd) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) 


PARALLEL DATA 
(Pog) 


PARALLEL READY (OUTPUT) 
(PR(O)) 





tpSPRL 


NOTE: For above conditions Pp) = Low indicating that the direction is from serial-in to parallel-out. 
Thus parallel ready indicates the output status. 

@ FIFO is not empty and at least one word is valid and ready at PO-8 outputs. 

@ PS (Out) is asserted, shifting out parallel data. Data remains valid, but: 
PR (Out) goes Low to indicate parallel port is in use and no longer ready. 
PR (Out) will remain Low as long as PS (Out) remains High. 

@® PS (Out) has gone Low, allowing data word to be shifted out. Next data word appears at output and 
PR (Out) is asserted to indicate valid data ready. 





Figure 8. Serial-in to Parallel-out Specifications (tpgp, tpopH: topv) 


Pa 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) 





<—_— tpsyr.-——>| 


HALF FULL FLAG 
(HF) 





' NOTE: For PpIR = Low the direction is serial-in to parallel-out. 


@ When a word is shifted out and the half-full flag goes Low, 
31 words or less are in the FIFO. 


Figure 9. Half-full Flag Specification on Parallel Shift-out (tpgyHF_) 


BIT 8/BIT 9(DEPENDING UPON WORD LENGTH) ° 






SERIAL INPUT SHIFT 
(SIS) 






PARALLEL SHIFT (OUTPUT) 
(PS(O)) 


PARALLEL READY (OUTPUT) BECOMES VALID IF 
(PR(O)) ro) NOT EMPTY 


NOTE: Ppjp = Low indicating serial-in to parallel-out. 
® FIFO initially empty. 
@® PS (Out) held High. 


Figure 10. tpspRy; tpt: tpoy Specifications (Serial Input Mode) 


a A EE Ca I Ee a SE ET aa EE EE 
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Definition of Waveforms (cont’d) 


BITO : BIT 1 


SERIAL OUTPUT (SHIFT) 
(SOS) 







PARALLEL READY (INPUT) 


BECOMES VALID IF 
(PR(I)) 


NOT FULL 


® 


PARALLEL SHIFT (iN) 
(PS(I)) 


NOTE: Ppip = High (paraltel-in to serial-out). 
@® FIFO is full. 
@® PS (I) held High. 


Figure 11. Fall-through Specifications . 


MASTER RESET 
(MR) 


SERIAL INPUT READY 
(SIR) 
PARALLEL READY (OUTPUT) 
PR(O 


HALF FULL 
(HF) 





DATA OUTPUTS 


a 


NOTE: Ppp = Low. 
@ PR (O) and HF go Low. 
@ After MR goes High, SIR goes High. 


Figure 12. Master Reset Timing Serial-in to Parallel-out | 
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Definition of Waveforms (cont'd) 


MASTER RESET 
(MR) 


- tMRSORL 


SERIAL OUTPUT READY 
(SOR) 3 


PARALLEL READY (INPUT) 
(PR(I)) 


HALF FULL 
(HF) 





NOTE: Ppip = High. 
@ SOR and HF go Low: 
@ Affter MR goes High, PR(I) goes High. 


Figure 13. Master Reset Timing (Parallel-in to Serial-out) 


SERIAL {NPUT SHIFT (SIS) 
SERIAL OUTPUT SHIFT (SOS) 
PARALLEL SHIFT IN/OUT (PS) 


«———1'pp rs. ———>|~——_ pp IRsH —_—> 


PARALLEL PORT DIRECTION (PDIR) 


PARALLEL I/O READY (PR) 
SERIAL INPUT READY (SIR) 





SERIAL OUTPUT READY (SOR) 
a tppinoD _|-— 
PARALLEL DATA _ INPUT MODE 
(Po-Ps) | OUTPUT MODE OR HI-z 
tppIRPZ 
tppiROD 


SERIAL (sop) DATA | OUTPUT MODE — HI-Z 
|}-—__—— tpDIRSZ 


NOTE: When the FIFO is used as a stack, change the port direction before the FIFO is full; otherwise, data may be lost. 


Figure 14. Ppp Transition Parameters 


PARALLEL DATA 
(Po-g) 





PARALLEL OUTPUT ENABLE 
(POE) 


Figure 15. Parallel Port Enable and Disable Timing 
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Definition of Waveforms (cont'd) 


PARALLEL SHIFT 
PS(I) 


<— {pT —>| 


SERIAL OUTPUT READY 


SERIAL INPUT SHIFT 
(SIS) 


tpt — > 


SERIAL OUTPUT READY 


® FIFO empty 


Figure 16. tpy Specification (Shift-in to Serial Output Ready) 


PARALLEL SHIFT OUT A 
PS(O) 
(pT —> 
SERIAL INPUT READY 
(SIR) 
SERIAL OUTPUT SHIFT 
(SOS) i BITO BIT 1 


SERIAL INPUT READY 
(SIR) ; 





@ FIFO empty 


Figure 17. tp7 Specification (Shift-in to Serial Input Ready) 
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Appendix 
Detailed Functional /Description 
for 67417 


The 67417 is a serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing. It can be suc- 
cessfully used for interfacing parallel-format computing equip- 
ment to serial-format data communications and mass-memory 
equipment. The 67417 is a word-oriented device. It is meant to 
function with complete 8- or 9-bit words of data. 


SERIAL INPUT SHIFT (SIS) -————> 
SERIAL INPUT READY (SIR) 
. SERIAL INPUT DATA (SID) 


PARALLEL OUTPUT ENABLE (POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) ———> SRUTAOLLEGie 
SERIAL OUTPUT READY (SOR) 


Basically the major internal subsystems of the 67417 are: 
(i) The serial input port 

(ii) The serial output port 

(iii) The parallel port 

(iv) The FIFO control logic and 

(v) The cell array 


Serial Port 


The two serial ports (input and output) are entirely separate 


which allows a high-speed data rate of 28 MHz. These serial. 


ports do not share data pins, control pins, or internal circuits. 
However, since the serial output data is a three-state output, the 
serial data ports could be connected together in the normal 
serial-parallel operation mode with separate SOR and SIR status 
signals. 


’ The serial input port interface consists of the Serial Input Ready 
(SIR) output, Serial Input Data (SID) input, and the Serial Input 
Shift (SIS) clock input. Unlike the analogous SI and IR signals on 
the 67401/2, SIS and SIR do not accomplish a “handshake” with 
the rest of the logic of the system which incorporates the 67417; 
rather SIR is asserted whenever the 67417 is still capable of 
receiving at least one more bit. SIS is a positive edge-triggered 
input which sequences the serial input control logic. This logic 
inturn controls SIR and the 8/9-bit Input Staging Register (ISR). 


The serial output port interface is the dual of the above, with a 
Serial Output Data (SOD) output, a Serial Output Shift (SOS) 
clock input, and a Serial Output Ready (SOR) status output. 
SOR is asserted whenever at least one more bit is available at the 
output. SOS is a positive edge-triggered input which sequences 
the 8/9-bit Output Staging Register (OSR). Serial Output Datais 
automatically three-stated whenever the serial output port is 


SERIAL {NPUT 
CONTROL LOGIC 


Parallel Port 


This is a fully bidirectional port, and it operates at a more conser- 
vative data rate of 10 MHz. The input-staging register (ISR) 
internally controls the parallel input data port bus signals. Like- 
wise the OSR internally controls the parallel output data port. 
The ISR data outputs drive the parallel data inputs to the cell 
array, and the OSR inputs are likewise driven by the final parallel 
data stage of the cell array 









~t————— PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 

HALF FULL FLAG (HF) 
PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 

WORD LENGTH (WL) 





ISR = INPUT STAGING REGISTER 
OSR = OUTPUT STAGING REGISTER 


disabled (during Master Reset) and PDIR = Low. The parallel 
port is controlled by Paratlel Shift (PS) input and Parallel Direc- 
tion Input (PDIR). Parallel Ready (PR) is the handshake/status 
output. At the Parallel Port PS and PR do accomplish a hand- 
shake with the outside world as SI, IR, SO and OR on the 
67401/2. 


Modes of Operation 
There are three modes in which the 67417 can operate 


(i) Parallel-in to serial-out 

(ii) Serial-in to parallel-out and 

(iii) Serial-in to serial-out. 

Inthe parallel-in to serial-out mode, PDIR = HIGH. Thus Parallel 
Shift (PS) acts as a Shift In (SI) and similarly, Parallel Ready (PR) 


- as Input Ready (IR). The first bit shifted out of the serial port will 


be bit 0 of the parallel word input. 


Similarly for serial-in to parallel-out mode, PDIR = LOW, and 


Parallel Shift (PS) acts as a Shift Out(SO) and Parallel Ready 
(PR) as Output Ready (OR). The first bit shifted into the serial 
port will be bit 0 of the parallel word output. 


If the direction mode for a particular application of the 67417 is 
not intended to change during system operation, the PDIR input 
should be strapped to a logic LOW or HGH. 


In the serial-in to serial-out mode, PDIR = 10 V minimum. 
The parallel port does not function during this mode and is 


. three-stated. The direction operating mode should not be 


changed if the FIFO is FULL otherwise stored data will be lost. 


Cell Array 


The 67417 cell array can function either as a 64x8 FIFO (with the 
9th bit padded to a zero) or as a 64x9 FIFO, according to the 


. Setting of the word length (WL) control input. Like the PDIR 
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control input, WL can be switched at electronic speeds during 
system operations; but if the word length of a particular 67417 is 
never to change during system operation, WL for that part can 
be strapped to ground or Vcc. ‘ 


Itis a permissible 67417 mode of operation to almost fill the FIFO 
(there should be at least two empty locations) with WL set to 
8-bit operation, then switch WL to 9-bit operation (WL = HIGH) 
to load one more word plus a frame marker in the last bit, and 
then switch PDIR and unload the 67417 in a 9-bit mode. This 
sequence of operations has the effect of providing a “frame 
marker bit” in the ninth bit of the last word loaded. The 


corresponding 9th bits will have been zeroed by the 67417 © 


internal logic for all the other words in the frame since they were 
loaded while the 67417 was operating as an 8-bit device. 


It is, however, the system designer's responsibility to avoid 
changing PDIR inputs when only part of an 8- or 9-bit word has 
been received or transmitted. In general, if such a change 
occurs, the part in general wiil try to add zero bits to pad out the 
impacted word to assume full length. 


Applications 





PDIR=10V 


Half-Full Flag 


This status output indicates when the 67417 statically contains 
32:words or more. This provides an indication to send in more 
data if the device is operated in a mostly-empty mode or send 
out more data if the 67417 is operated in a mostly-full mode. 


Cascading 


The 67417 is designed to be cascaded at the parallel port only, 
due to very high data transfer rates at the serial ports. Cascading 
two 67417’s is accomplished by connecting Parallel Input/Out- 
put Ready (PR) of each part to control the Parallel Shift In/Out 


~ (PS) of the other part, with one FIFO in serial-in to parallel-out 


mode, and the other FIFO in parallel-in to serial-out mode. The 
combined effect of this is a reversible 128x8 or 128x9 serial-in 


. gerial-out FIFO. The 67417 can not be cascaded at the serial 


ports because SIR and SOR are not acknowledged signals but 
rather status signals only. 


TRI-STATE 


NOTE: Itcanshiftin data serially in the multiples of 8- or 9-bit according to WL. 


Figure 18. 512/576x1 Serial-in to Serial-out Mode 


FROM SERIAL 
DATA SOURCE 


( 
“STRAPPING” 
(9-BIT) 


UNUSED | 


' MASTER RESET 





| UNUSED 


vcc 


| “STRAPPING” 
(9-BIT) 


TO SERIAL 
DATA DESTINATION 


—_——_ 


TO SYSTEM 
CONTROL LOGIC 


* SIPO = Serial-in to Parallel-out. 
** DBISO = Parallel-in to Serial-out. 


Figure 19. Cascading of Two ’S417s for Serial-in to Serial-out . 
Operation as a 128x9 (1152x1) FIFO 
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SERIAL- 
OUTPUT 
DATA 


SERIAL 
OUTPUT 
READY 





SERIAL 
OUTPUT 


18 REGISTER SHIET 
DATA ma ACK 


Figure 20. An Example of an Expansion Scheme 
for a 64x18 Parallel-to-Serial FIFO 


An 18-bit data word is multiplexed into the two 67401/2 FIFOs. 


67401/2 FIFOs were used along with the 67417 to obtain the 
Since the 67417 FIFO is cascadable at the parallel port only, two 


appropriate organization. 


PR SOR 


—en SoD 
18-BIT 
WORD 


PS 


WL = HIGH (9- BIT) 
PDIA = HIGH (PISO) 


SHIFT-OUT CLOCK 


Figure 21. Another Example of an Expansion Scheme for a 64x18 Parallel-in to Serial-out FIFO 
Two 67417 FIFOs Are Used to Implement a 64x18 Parallel-in to Serial-out FIFO 
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67417 DECISION | | 67401| MAIN 


FIFO | - LOGIC ° FIFO PROCESSOR 
LINK SIPO1 
PISO2 
MAIN 
MEMORY 
MASTER 
UNIT 


NOTES: ; 
SIPO = Serial-in to Parallel-out mode 
PISO = Parallel-in to Serial-out mode 


. Figure 22. A Multiprocessing System 


Each processor unit on the left has its own communication 
interface which consists of a serializing FIFO. The serial data link 
can operate in either direction 1 or direction 2 which is decided 
by the Decision logic. In direction 1 either of the slave units send 
the data to the master over the serial link, with its respective 
67417 operating in parallel-in to serial-out mode (PISO1). While 


i 
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the 67417 for the master unit operates in serial-in to parallel-out 
mode (SIPO1). The direction 2 has the FIFOs (67417) operating 
in the reverse direction from the above case. Decision logic 
determines the Priority of the slave processors to use the serial 
link. - 


FIFO RAM 
Controller 


674219 





Features/ Benefits 

® High-speed, no fall-through time 

© Deep FIFOs—16-bit SRAM address 
© Arbitration read/write 

¢ Control signals for data latching 


e Full, Half-Full, Empty, Almost flags for 
buffer sizes from 512 to 64 K 


© Three-state outputs 


Applications 

e LAN equipment 

¢ Data communication 

© Disk/tape controllers 

© Host-to-dedicated-processor interface 


Pin Configuration 





Ordering Information 


pant |__PACKAGE | 
NUMBER pins | Sipe TEMPERATURE 






Description 

The 674219 FIFO RAM Controller provides addressing control, 
status, and arbitration for a static RAM array used as a First-In- 
First-Out (FIFO) buffer. The sixteen address lines can addressa 
FIFO buffer area ranging from 512 to 65,536 static RAM words. 
Control signals including W (the write enable signal for the static 
RAMs), handshaking signals for the read and write ports, and 
strobes for external data latching. 


The 674219 allows single-port static RAMs to resolve read and 
write request conflicts according to priority rules selected via the 
Priority-on-Read (PR) and Priority-on-Write (PW) inputs. If’ 
priority is given to either port, or if only one port is used, the 
maximum data rate through that port is 10 MHz. 


Block Diagram 
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Definition of Terms 


LATCHED Arequest has been received by the 674219 on one 
of its ports. The request has been internally latched, but not 
sampled. 


SAMPLED The state of a latched request when it has been 
internally synchronized. 

PROCESSED A decision to perform a sampled request. 
PERFORMED When the processed request is executed as a 
memory cycle. 

PENDING REQUEST A sampled request that has been held 
until the FIFO completes its current operation(s). 

WRITE DATA PORT The register(s) where the system places 
the data that is to be written into the FIFO. 


READ DATAPORT The register(s) where the system reads the 
FIFO data. 

WRITE DATA REGISTER The registers) which serves as the 
data input to the FIFO. 


READ DATA REGISTER The ratetbile) where the FIFO 
leaves the read data for the aysieins to take. 


Architecture 


The 674219 FIFO RAM Controller, together with an array of 
static RAMs and two registers, comprises a First-In-First-Out 
(FIFO) memory. (See Figure 1.) 


BFO-BF2 FLAGS CLK 







WEN 
WREQ 


WRDY 


REN 
RREQ 
- RRDY 






FIFO RAM 
CONTROLLER 
674219 


STATIC 
RAM 


WRITE DATA 


Figure 1. 57/674219 In and Implementation of a FIFO Buffer 


The 674219 provides addresses and control signals to the static 
RAMs, and interfaces with the system via a write port, a read 
port, and status flags. The 674219 includes three 16-bit counters: 
a write-address counter, a read-address counter, and a status 
counter. The status flags are generated as a function of the state 
of the status counter and the buffer length selected. The write 
port has a Write REQuest (WREQ) input, a Write ENable (WEN) 
input, and a Write ReaDY (WRDY) output. The read port has a 








Read REQuest (RREQ) input, a Read ENable (REN) input, anda 


| 


Read ReaDY (RRDY) output. Two priority-control inputs, Priority- 
on-Write (PW) and Priority-on-Read (PR), determine the priority 
rules by which the 674219 arbitrates between simultaneous read 
and write requests. The 674219 provides two clock signals 
(RREGCK, WREGCK) to the Read Data Register and the Write 
Data Register, as well as a Write signal (W) to be connected to 
the Write Enable (WE) inputs of the static RAMs. Sixteen address 
outputs provide the read and write addresses to the static RAMs. 
When both REN and WENare HIGH, the address outputs go into 
high-impedance (Hi-Z) state, so that the static RAMs can be 
accessed externally. 


A Master Reset (MR) input allows initializing the part by clearing 
the three counters and presetting the flags. (See Table .1.) 


FLAG CONDITION 












See ee 


Table 1. Condition of Flags After Master Reset 


Pin Definitions 
Veco 50V+10% 
GND Ground 


CLK CLOCK—Controls synchronous operation of the device. 
All requests are sampled internally on every other LOW-to- 
HIGH transition of the clock. These transitions are called 
sampling clock edges. The first sampling clock edge is the first 
LOW-to-HIGH transition of the clock after master reset. 


BF2-BFO BUFFERSIZECONTROLS—Determine the desired 
buffer size. (See Table 3.) Setting the buffer size is essential for - 
correct operation of the status flags. 


MR_ MASTER RESET—Clears all counters when LOW. The 
first LOW-to-HIGH transition of the clock, following a LOW- 
going Master Reset pulse, is the first sampling clock edge; the 
first request to be serviced is a write request. (See Figure 7.) 


A15-A0 ADDRESS OUTPUTS—Three-state outputs which 
provide a read address when Wis HIGH, ora write address when 
Wis LOW. A15-AQare in the Hi-Z state only when both REN and 
WEN are HIGH. 


TEST An input used during manufacturing final test. For 
normal operation, TEST should be tied to GND. 


W WRITE CONTROL—Used to control the SRAM arrays Write 
Enable pin and to output enable the write data register. 


WREQ WRITE REQUEST—A LOW-going pulse on this pin 
requests awrite to the FIFO. A write request can only be latched 
if the write port is enabled (WEN is LOW), and the previous 
write request has been processed (WRDY is HIGH). 

RREQ READ REQUEST—A LOW-going pulse on this pin 
requests a read from the FIFO. A read request can only be 
latched if the read port is enabled (REN is LOW), andthe 
previous read request has been processed (RRDY is HIGH). 
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WEN WRITE ENABLE—When this input is HIGH, all write 
requests are ignored. When WEN is LOW and WRDY is HIGH, a 
write request (WREQ=LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


REN READ ENABLE—When this input is HIGH, all read 
requests are ignored. When REN is LOW and RRDY is HIGH, a 
read request (RREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


PW, PR WRITE PRIORITY and READ PRIORITY—These two 
inputs determine the rules governing the arbitration between 
write and read requests. (See Table 2.) These inputs must not 
both be HIGH simultaneously. 





WRDY WRITE READY—When this output is HIGH, and WEN 





is LOW, a write request may be sent to the WREQ pin. 


WRDY goes LOW on the sampling clock edge which samples 
the write request. WRDY will go HIGH on the non-sampling 
clock edge which starts the write cycle. WRDY will stay LOW if 
the FIFO is full. . 


Write requests should be made only when WRDY is HIGH. 


RRDY READ READY—When this output is HIGH, and REN is 
LOW, a read request may be sent to the RREQ pin. 

RRDY goes LOW on the sampling clock edge which samples the 
read request. RRDY will go HIGH on the non-sampling clock 
edge which starts the read cycle. RRDY will stay LOW if the FIFO 
is empty. 


Read requests should be made only when RRDY is HIGH. 


WREGCK WRITEREGISTER CLOCK—This output isusedto - 


clock the write data register. 


RREGCK READ REGISTER CLOCK—This output is used to 

clock the read data register. 

EMPTY EMPTY FLAG—When HIGH, indicates that the FIFO 

is empty. Read requests are not permitted when the FIFO is 

EMPTY. 

FULL FULL FLAG—When HIGH, indicates that the FIFO is 

full. Write requests are not permitted when the FIFO is FULL. 

HF HALF-FULL FLAG—When HIGH, indicates that the FIFO 

has half, or more, of its locations occupied. 

ALMOST ALMOST FLAG—When HIGH, indicates that one of 

the following conditions exists: 

1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2.. The FIFO is almost full (sixteen or less locations are 
available) if ALMOST is HIGH and HF is HIGH. | 


Requests, Arbitration and Data Capture 


Aclock, supplied via the CLK input of the 57/674219, generates 
the internal sequence of events which constitutes a single FIFO 
operation. The read and write ports recognize and latch read 
and write requests ts asynchronously, provided that the respective 
enable (REN or WEN) is LOW, and the request window setup 
time is observed. 


The FIFO write operation is as follows (see Figure 2): 


Stage 1 A write request is sent to the 674219 by a LOW- 
going pulse on the WREQ pin. 


Stage 2 The write request is latched internally, asynchronous 
to the clock. . 


Stage 3 WRDY goes LOW on the sampling clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. WRDY also indicates 
to the system that the’write port is no longer accepting write 
requests. In order to, guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tWRQC specifications. 


Stage 4a Regardless of whether the write cycle is started or 
not, WREGCK will go HIGH for one clock cycle on the non- 
sampling clock edge that follows WRDY going LOW. The 
transition from LOW-to-HIGH on the WREGCK pin clocks data 
into the write data port, reading the data for writing to the SRAM.: 


Stage 4b A decision to wait, or to perform the write cycle is 
made based on the following: 


Case1 fread priority is set, the 674219 will process all pending 
read requests first. The write cycle will be delayed until all of the 
read cycles have been performed. Then, and only then, will the 
pending write cycle be : performed. 


Case 2 If write priority is set, regardless if there is a pending 
read request or not, the write cycle will start on the next non- 
sampling clock edge that follows WRDY going LOW. If there was 
a pending read request, the read cycle will not be started until 
the write cycle has been completed. . 


Case 3 If no priority is set, and there is no pending read 
request, the FRC will start the write cycle on the next non- 
sampling clock edge that follows WRDY going LOW. 


Case4 Ifnopriority is set, and there are simultaneous requests 
{i.e., a read request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


if the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be pro- 
cessed first, followed by the read request. 


If the last case of simultaneous requests (with no priority) 
performed a write cycle first, the read request will be pro- 
cessed first, followed by the write request. 





SAMPLING 
4b 
CLK 


}«MEMORY CYCLE>| 


WREG 
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Figure 2. The Stages of a FIFO Write Operation 
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Stage 5 WRDY will go HIGH on the. en edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (WRDY 
going from LOW-to-HIGH). The Write line (W) goes LOW at 
tCWL after the clock edge starting the memory cycle and stays 
low until tCWH after the clock edge terminating the memory 
cycle. 


The FIFO read operation is as follows (see Figure 3): 


Stage 1 A read request is sent to the 674219 by a LOW- 
going pulse on the RREQ pin. 





Stage 2 The read a de is latched internally, asynchronous 
to the clock. - 


Stage 3 RRDY goes Low on the saniclide clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. RRDY also indicates 
to the system that the read port is no longer accepting read 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tRRQC specifications. 


Stage4 Adecision to wait, or to perform the read cyclei ismade 
based on the following: ° 


Case1 If write priority is set, the 674219 will process all pend- 
ing write requests first. The read cycle will be delayed until all of 
the write cycles have been performed. Then, and only then, will 
the pending read cycle be performed. 


Case 2 If read priority is set, regardless if there is a pending 
write request or not, the read cycle will start on the next non- 
sampling clock edge that follows RRDY going LOW. If there was 
a pending write request, the write cycle will not be started until 
the read cycle has been completed. , 


Case 3 If no priority is set, and there is no pending write 
request, the FRC will start the read cycle on the next non- 
sampling clock edge that follows RRDY going LOW. _ 


Case4_ Ifnopriority is set, and there are simultaneous requests 
(i.e., a read request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


1. If the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be 
processed first, followed by the read request. 


2. If the last case of simultaneous requests (with no priority) 


performed a write cycle first, the read request will be 
processed first, followed by the write request. 


Stage 5 RRDY will go HIGH on the non-sampling edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (RRDY 
going from LOW-to-HIGH). Read REGister Clock (RREGCK) 
goes LOW for.one clock cycle, starting with the sampling edge 
that occurred within the read memory cycle. RREGCK clocks 
data from the SRAM array to the read data port on the LOW-to- 
HIGH transition, which terminates the read cycle. 
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Figure 3. The Stages of a FIFO Read Operation 


Priority | 

Two input signals, Priority-on Read (PR) and Priority -on-Write 
(PW), determine the arbitration rule which sequences the read 
and write cycles, for various cases as follows: (see Table 2): 


ew [pe] _Paionmy —_—| 
po | 0 | Noprey —S—* 
ee 
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Table 2. Priority Encoding 







No-Priority Case © 


If no priority is selected (PR = PW = LOW), each request is 
processed in the order it came into the FRC. 


Ifno priority is set and both a read and write request are latched 
before the same sampling clock edge, the 674219 will perform 
read and write cycles alternately. (See Figure 4.) 


Write Priority Case 


if write priority is selected (PR = LOW, PW = HIGH) write 
requests are always processed before read requests (assuming 
that the requests meet the setup time). 


!f write priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the write cycle will take place first. If, before the 
next sampling clock edge, another write request is latched, 
another write cycle will take place, and the pending read request 
will not be processed. Only when the sampling clock edge 
encounters no further write requests will the. pending read 
request be processed. At this time the read cycle will start and 
the RRDY output will go HIGH. (See Figure 5.) 
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Figure 4. Operation With No Priority 
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Figure 5. Operation With Write Priority 
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Read Priority Case 


If read priority is selected (PR = HIGH, PW= LOW) read requests 
are always processed before write requests assuming that the 
requests meet the setup time). i ; 


If read priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the read cycle will take place first. If, before the 
next sampling clock edge, another read request is latched, 
another read cycle will take place and the pending write request 
will not be processed. Only when the sampling clock edge 
encounters no further read requests ‘will the pending write 
requests be processed. At this time, the write cycle will start and 
the WRDY output will go HIGH. (See Figure 6.) 





SAMPLING EDGES 
CLK f y } 
WRITE—>4 
RREQ 
RD REQ 1 RD REQ 2 
WREQ 
WR REQ 
WRDY P 
WR CLOCK 
WREGCK “ed 
ADDRESS VALID VALID VALID 
READ READ WRITE 
Ww 
PR, PW (| 
tps 


Figure 6. Operation With Read Priority 


Buffer Length 


A three-bit input control field, BF2-0, selects the buffer length 
(“depth”) of the FIFO. Any power of 2 from 512 to 65,536 may be 
chosen as the buffer length. (See Table 3.) ; 





Table 3. Buffer Length 


Status Flags 


The flags are generated as a function of the buffer length, 
selected via inputs BF2-BFO, and the state of the status counter. 


_ The status flags are: 


EMPTY WhenHIGH, the EMPTY flag indicates that the FIFO is 
empty. The EMPTY flag goes HIGH on the first sampling clock 
edge during the memory cycle which empties out the FIFO. 


FULL WhenHIGH, the FULL flag indicates that the FIFO is full, 
and no more data can be written into it until a read cycle takes 
place. The FULL flag goes HIGH on the first sampling clock 
edge during the memory write cycle which fills up the FIFO. 


HF When HIGH, the Half-Full flag indicates that the FIFO is 
filled to half its depth, or more. 


ALMOST When HIGH, the ALMOST flag indicates that one of 
the following conditions exists: 


1. . The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2. The FIFO is almost full (sixteen or less locations are 
‘available) if ALMOST is HIGH and HF is HIGH. 


The flags Master Reset to the states shown in Table 1. 


First Write Cycle (After a Master Reset 
or When FIFO is Empty) 


The first LOW-to-HIGH clock edge, following Master Reset (MR) 
going LOW-to-HIGH, is the first sampling clock edge. The 
sampling clock edge occurs every other positive-going transi- 
tion of the clock. The LOW pulse on MR clears the three internal 
16-bit counters (status, read and write). The FIFO is set to the 
EMPTY state, and no read requests are allowed (RRDY = LOW). 


After an interval of at least tMRS after MR goes HIGH, a LOW- 
going pulse on the WREQ pin tells the 674219 that a write to the 
FIFO is requested. The write request is latched by the write port, 
provided that WEN is LOW. (See Figure 7.) The following sam- 
pling clock edge samples the request, and causes WRDY to go 
LOW. WRDY goes HIGH again on the next (non-sampling) posi- 
tive clock edge, regardless of priority. The write cycle takes place 
over two clock periods, starting on the positive non-sampling 
clock edge following the sampling clock edge which brought 
WRDY HIGH. The data is clocked into the external Write Data 
Register on the same non-sampling clock edge, and into the 
external Read Data Register on the second sampling clock edge, 
to allow minimal fall-through time. (See again Figure 7.) EMPTY 
will go LOW to indicate that there is valid data in the FIFO. RRDY 
goes HIGH indicating that there is data to be read from the FIFO. 
The same sequence of events occurs for the first write request 
that is initiated when the FIFO is empty. 





Methodology for Reading 


In order to maintain a consistent system level architecture, the 
674219 has been constructed such that the system should read 
the data port before a read request is sent. (See Figure 8.) 


This ability allows the FIFO a zero fall-through time on all cycles. 
The system is able to get the data from the FIFO right away, 
without having to wait for the FRC to perform a read cycle of the 
SRAMs. 


_ On the read port, a positive-going edge of RREGCK signals to 


the system that the read data register is being updated. The 
system should read the data first and then send a request to 
obtain the next word from memory to the read data register. 
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Figure 7. First Write After Master Reset or When FIFO Is Empty 
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Figure 8. Methodology for Reading From the FIFO 
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Write Cycle (Figure 9) 


Awrite request, indicated by a LOW-going pulse on the WREQ 
pin, is latched by the 674219, provided that WEN is LOW and 
WRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. WRDY goes LOW on the same sampling clock 
edge, to indicate to the system that a write request has been 
latched and synchronized internally. In addition, WREGCK will 
go HIGH for one clock cycle on the non-sampling clock edge 
that follows WRDY going LOW, regardless of whether the write 
request is processed. The write request will be processed only if 
one of the following sets of conditions is true: : 


1. Write Priority has been selected. 


If write priority has been selected, the FRC will process all 
write requests before any pending read requests. 


2. No read request has been latched. 


If no read request has been latched, regardless of priority, the 
FRC will process the write request immediately and will start 
the write memory cycle on the non-sampling clock edge that 
follows WRDY going LOW. a 


TCLKWL 


SAMPLING EDGE 
t t 
CLKWH CWRL. 
WRDY 
‘ ewra 
r= ae 2 
4 
mares J t REAL 
WREQ 
t REQH 
WREGCK 
FULL/ EMPTY FLAGS 


HF / ALMOST FLAGS 


ADDRESS 


Ww 


3. No priority has been selected, both a read anda write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


4. Nopriority has been selected, both a read anda write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case the 674219 will process the read request first, and 
then process the write request. 


Once the write request has been processed, a write cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which WRDY goes HIGH. Wwill go LOW, tCWL after the 
start of the write cycle. W is used to Write Enable the SRAM array 
and to Output. Enable the write data register. Two clocks later 
(tCWH) W will go HIGH again, terminating the write cycle. 


In order to avoid the bus contention inherent in shared-I/O 
memory systems, a delay line and an OR gate may be required 
(see Memory Interface Design Guidelines). 


<@———— MEMORY CYCLE 
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Figure 9. Write Cycle Timing 
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Read Cycle (Figure 10) 


A read request, indicated by a LOW-going pulse on the RREQ 
pin, is latched by the 674219, provided that REN is LOW and 
RRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. RRDY goes LOW on the same sampling clock 
edge to indicate to the system that a read request has been 
latched and synchronized internally. The read request is pro- 
cessed only if one of the following sets of conditions is true: 


1. Read Priority has been selected. 


If read priority has been selected, the FRC will process all 
read requests before any pending write request. 


iw) 


. No write request has been latched. 


If no write request has been latched, regardless of priority, the 
FRC will process the read request immediately and will start 
the read memory cycle on the non-sampling clock edge that 
follows RRDY going LOW. 


. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 


WO 


t CLKWL SAMPLING EDGE 


wm are 


' REQH 


RREGCK 
FULL/ EMPTY FLAGS 


HF / ALMOST FLAGS 


ADDRESS 


TANVAV 


» DWT ‘I. 


request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case, the 674219 will process the read request first. 


4. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


Once the read request has been processed, a read cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which the RRDY goes HIGH. RREGCK goes LOW on 
the next sampling clock edge, stays LOW for one clock cycle, 
and goes HIGH on the following non-sampling clock edge, thus 
clocking the data’ which appears at the SRAM array’s data 
outputs into the Read Data Register. RREGCK going HIGH 
terminates the read cycle. 


~@—— MEMORY CYCLE 
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Figure 10. Read Cycle Timing 
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Memory Interface 
Design Guidelines 


Introduction 


The purpose of the memory interface design guideline is to aid 
the engineer in interfacing the 674219 FIFO RAM Controller 
(FRC) to an array of static RAMs. This guideline will be broken 
down into three separate sections. The first section is a timing 
analysis of the read cycle. The second section is a timing analy- 
sis of the write cycle. The final section will guide the designer 
through a real design. 


Figure 11 shows a typical SRAM interface schematic. 


Section One: | ; 

Read Cycle Timing Analysis 

Figure 12 shows the basic timings which are critical to the read 
cycle. Some of these parameters apply to the FRC, some to the 


SRAM array, and others to external logic. For convenience, 
these parameters are broken up below: 


FRC Parameters: 

tay Clock to Address Valid Time 

tANV Clock to Address Not Valid Time 

SRAM Parameters 

tRC Read Cycle Time 

tacs Chip Select Access Time 

tAA Address Access Time 

tOH Output Data Hold Time from Address Change 
tHz Chip Deselect to Output in High-Z 


External Logic: . 
Chip Select Decoder Parameters: 


tDECODE tpp through Decoder 
Read Data Register Parameters: 
ts Data Setup Time 

tH Data Hold Time 


Other Parameters (See Text): . a 


tRDREGH Clock to RDCLK High [RDCLK is the clock 
input of the Read Data Register] 


(This parameter is normally tcRRGH of the FRC) 


There are six separate equations which must each be met in 
order to determine what speed of SRAM the designer will need. 
It is assumed that the user has already specified a speed of 
operation and the external components needed. The equations 
listed can be used at any frequency, up to a maximum of a 
20-MHz clock rate. 


Since every read cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time), 


The first equation which should be satisfied is the read cycle 
time (tRC). This identifies what speed SRAM is required. The 
equation is based on the total time that the address is valid minus 
the decoder time. Since the decoder has some minimum skew 
on the negating edge, this time is ADDED to the equation. The 
equation thus becomes: 


BFO-2 FLAGS CLK 


674219 
FIFO RAM Controller 


-. AO-A15 


ADDRESS 


WE SRAM 
ARRAY 


DATA | 





WRITE DATA REGISTER READ DATA REGISTER 


Figure 11. A Typical SRAM Interface 


Equation 1-1 
tRC = 2T - tpECODE(max) + tDECODE(min) - tANVAV(max) 


The access time must be looked at next. There are actually two 
separate equations that help determine the access time. 


Equation 1-2 determines the address access time (tAA). tAA is 
based on the time that the address is valid before the read 
register gets clocked. The equation takes into account the setup 
time of the read data register (tS) as well. The equation is: 


Equation 1-2 
taas 2T - MAX(tay - tRDREGH) - tS(min)’ 
Where MAX(tay - tRDREGH) is the maximum difference 


between tay and tRpREGH 


Equation 1-3 determines the chip select access time (tACS). 
This time is based on the time the address is valid before the read 
register gets clocked MINUS the maximum skew through the 


‘Chip select decoder. This is done to ensure that the decoder 


delay is taken into consideration. Again, the read register setup 
time is considered. The modified equation thus becomes: 


Equation 1-3 ; 
tacs = 2T - toECODE(max) - MAX(tav - tRDREGH) - tS(min) 
Where MAX(tay - tROREGH) is the maximum difference . 


_ between tay and tROpREGH 


The next two equations take into consideration the read data 
hold time with respect to the address (tOH), and the chip 
deselect to data outputs in High-Z time (tHZ). We will consider 
the more critical tOH. tOH can easily be determined by 
comparing the data hold time PLUS the clock to address not 
valid (tANV) time with the sum of the clock to RDCLK HIGH time 
(tRDREGH) and the data register hold time (tH). The equation 
for this becomes: 
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Equation 1-4 
tOH(min) + tANV(min) 2 tRDREGH(max) * tH(min) 


If the SRAM has an extraordinarly long read data hold time 
(tOH), the above equation must be modified to include the now 
more critical chip deselect to data outputs in High-Z time (tHZ). 
This is done by simply substituting tHZ for tOH. The modified 
equation is: 

Equation 1-5 

tHZ(min) + tANV(min) = tRDREGH(max) + tH(min) 

In addition to the above equations, one more is necessary in 
certain cases. In Figure 12, the read cycle is shown. At the very 
end ofa read cycle, the read data register is clocked. The normal 
clocking signal for the FRC is RREGCK. Since the read data 
register’s clock is normally connected to RREGCK, if RREGCK 
goes HIGH after the data from the SRAMs goes away, the data 
will be lost. This is only true if the SRAMs have a low tOH(min). 
Normally, in all of the above equations, the clock to RREGCK 
HIGH (tCRRGH) is substituted in place of tRDREGH. In the 
cases where a low tOH does not guarantee the data will be 
properly clocked, the user has another alternative. 


By adding an external OR gate between the clock and RREGCK, 
the user can effectively shorten tCRRGH(max). The gate 


Sampling Edge 


\ 


: ANVAV 


“ANDs’ the active LOW RREGCK with the clock when it is LOW. 
This produces an active LOW output signal called RDCLK (see 
Figure 12). This will bring the edge of'read register clock into 
specification for any tOH, even one of zero. Figure 11 shows a 
typical example of a SRAM interface, including this gate, should 
it be necessary. 


Because the OR gate inherently has some delay, an equation is 
necessary to calculate the new tCRRGH. (This “new’ parameter 
is called tRDREGH). It should be noted that if the designer finds 
it necessary to implement this logic, due to a low tOH, he/she 
must replace the tRDREGH in Equation 1-1 through 1-5 with the 
result from the following equation, rather than the normal 
tCRRGH. The equation for the gate is: 


Equation 1-6 
'RDREGH (max) = tPDOR (max) 
Where tpDOR(max) is the maximum tpp through the OR gate. 


Since the clock will bring RDCLK low some tPDOR(max) later, 
the setup time of the read data register is automatically achieved. 


The above equations complete the timing analysis for a read 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 


READ CYCLE 


-—> inact 
™ 2 






RREGCK 


RDCLK ** 


SRAM 
DATA 


* CS to the Static RAM bank 


 DECODE(MAX) 





ig DECODE(MIN) 





™ Actual clock Input to the Read Data Register. This may be the same as RREGCK or may be the output of the OR-gate shown in Figure 1 


Figure 12. Read Cycle Timing 





2-171 





674219 





Section Two: 

Write Cycle Timing Analysis | 
Figure 13 shows the basic timings which are critical to the write 
‘cycle. Some of these parameters apply to the FRC, some to the 


Static RAM array, and others to external logic. The parameters 
that are unique to the write cycle will be summarized below: 


‘FRC Parameters: 
tpw- Write Pulse Width HIGH 


tWHAV WHIGH to Address Valid 
tANVAV Address Not Valid to Address Valid 
tWHWRCH  WHIGH to WREGCK HIGH, 
SRAM Parameters 

two Write Cycle Time 

tAW Address Valid to End of Write 
tow CS to End of Write 

twp . - WE Pulse WidthLOW_ 

tpw _ Data Valid to End of Write 

twz ' WE LOW to Outputs in High-Z © 


External Logic: 
Write.Data Register Parameters: 


tpz "OE to Outputs in Low-Z 
tcp Clock to Outputs Valid 
SAMPLING EDGE 
CLK 


=~ eel 
ee a 


tDECODE(MAX) 'DECODE(MIN) 


T ANVAV ne 


7 


WREGCK 


<i 


rl 


DATA BUS 


[bs So 


Other Parameters (See Text): 
tWOE . tDLY(max) + tORSKEW(max) 


There are six equations which must determine the write cycle 
specifications for the Static RAM. It is assumed that the user has 
already selected the frequency of operation and the external 
components needed for his/her system. 


Since every write cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be looked at is the write cycle 
time (tWC). This equation will determine what speed of SRAM is 
required for proper operation. This parameter is the same as the 
total time that the address is valid. This is calculated with the 
following equation: 

Equation 2-1 


tWe = 2T - taNVAV(max) 


There are three basic areas to be looked at once the write cycle 
time has been determined. The first is the access time of the 
SRAM. There are two separate equations in this area. 


The first parameter to be analyzed is the time from address valid 
to the end of write (tAW). This parameter can be calculated by 
taking the total write cycle time (2T) and subtracting from it, the 
time from W going HIGH to the next address becoming valid. 
The equation is: 


WRITE CYCLE 






Figure 13. Write Cycle Timing 
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Equation 2-2 


‘ taw S 2T - tWHAV(max) 
The designer must also check the chip select to end of write time 
(tCW). This is often more critical than tAW in determining which 
SRAM to use in the system. The tCW parameter can be obtained 
in the same way as tAW except that the decode time is also 
included in the equation. The modified equation is: 


Equation 2-3 
tCw S$ 2T - tWHAV(max) ~ tDECODE(max) 


In addition to the various access times of the write cycle, the user 
must next look at the pulse width of the write signal (tWP). This is 
basically the difference between 2T and the FRC’s write time 
HIGH (tPW). The equation is: 


Equation 2-4 


twp S$ 2T - tpw(max) 

The last area that needs to be analyzed is the data setup time of 
the SRAM. The data setup time is specified as the time data is 
valid before write goes HIGH (tDW). 


There are three separate equations which determine the 
required tDW of the SRAM. 


The write register has a certain propagation delay from its clock 
input pulse before the data becomes valid. Data must be valid at 
least tDW before WE goes HIGH or it will be lost. The equation 
takes into account the clock to output time (tCP) of the write 
register. The equation is: 


Equation 2-5 


tow = 2T ~ tcP(max) - WHWRCH(max) 

The write data register is enabled by the W signal of the FRC. 
The register takes some minimum time before it enables its 
outputs from the High-Z state (tPZ). 


The SRAMs have some maximum time in which they disable 
their outputs when the WE signal goes LOW. This parameter is 
the time from WE LOW to the data outputs in High-Z (tWZ): 


If tW2Z(max) is greater than tPZ(min), bus contention will result. 
To counter this problem a delay must be introduced between the 
Wsignal of the FRC and the OE input of the write data register. In 
addition, an OR gate is used to bring OE HIGH shortly after W 
goes HIGH. This is illustrated in Figure 11. tWOE(max) is the 
total delay between W going LOW and OE going LOW. It is 
calculated by the following equation: 


Equation 2-6 


tWOE(max) = tDLY(max) + tPDOR(max) 
Where tpLY(max) is the maximum delay through the delay line. 


tPDOR(max) is the maximum propagation delay through the 
OR gate. 


Equation 2-5 dictated the tDW based on the clock to output time 
of the register. In most cases though, this time is automatically 
guaranteed. Since the data will not be valid (Low-Z) until some 
tPZ after OE goes LOW, even though it has been clocked 
properly, a new equation is necessary to determine the tDW of 
the SRAM. This equation must take into account the delay that 
was added in to prevent bus contention. It must also take into 


account the tPZ time of the register. The equation is very similar 
to Equation 2-5 with those exceptions. The equation thus 
becomes: 


Equation 2-7 


tow = 2T - tpw(max) - tPZ(max) - tWOE(max) 

One additional equation is required to determine the delay line 
required to prevent bus contention. The equation for the delay 
line takes into account the maximum tPD through the OR gate. 
The equation is based on the tWZ of the SRAM and the tPZ of the 
write data register. The equation is: 


Equation 2-8 


tDLY(min) = tWZ(max) ~ tPZ(min) ~ tOR(min) 

The above equations complete the timing analysis of the write 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 


An Example Interface 


In order to determine any Static RAM parameters, the user must 
know several things. He/she must identify the frequency of 
operation, the read and write data registers, the chip select 
decoder, and any other logic which may be necessary. 


Asan example, assume that a5-MHz data throughput is desired. 
This will allow a 10-MHz all read or all write data rate. This data 
rate dictates a 20-MHz clock speed for the FRC. 


For worst case design, assume that the selected SRAM has a 
tOH of zero. Since tOH = Ons, there must be an external OR-gate 
to clock the read register. In addition, assume that the selected 
SRAM has a tWZ(max) < 20 ns. 


In order to resolve any bus contention a delay line and another 
OR gate will be added. 


74F series parts are used to keep the design clean. It should be 
noted that the user can use any kind of logic. Because of the 
particular worst case SRAM parameters that were chosen, this 
design contains the maximum number of parts that are required 
for any design. 


Given the above considerations, this 20-MHz design requires the 
following parts: 


Parts List: 
QTY PART DESCRIPTION 
1 674219 FIFO RAM Controller 
1 74F138 Address Decoder 
2 74F374 8-bit Register 
1 74F32 OR-Gate 
1 Delay Line 


20 ns +10% 


The following is a step-by-step analysis of the read and write 
equations to determine the required SRAM parameters. The 
equations will also show the delay line needed to avoid bus 
contention. 
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Read Equations: 


Equation 1-1 
tRC $ 2T - tpECODE(max) + tDECODE(min) ~ TANVAV(max) 
100- 9.0 +30 “40 
[FRC] [F138] [F138] [FRC] 
tRco S 82.0 ns , 
Equation 1-6 


tRDREGH(max) = tanv (min) ~ tORSKEW (max) 
15 66 


[FRC] [F32] 
tRDREGH(max) = 6.6 ns 
Equation 1-2 
taa S2T - MAX(tay - ‘RDREGH) = *s{min) 
100- (40 - 84) = 
[FRC] [FRC] (F32] ai 
taa = 66.4 ns a 
Equation 1-3 
tacS $2T - tpECODE(max) - MAX(tav - tRDREGH) ~ tS(min) 
100- 9.0 - (40 - 84) - 20 
[FRC] [F138] 
tacs = 57.4 ns 
Equation 1-4 
fOH(min) | - 'ANV(min) = 2 taOREGHinan + *H(mnin) 
+ 


Sah 


[FRC] ([F32} [F374] 


ce [F32] %. 
15 ns 2 10.4ns 


a 


Equation 1-5 
tHZ(min) + tANV(min) 2 tRDREGH(max) + tH(min) 
0 + 15 2 84 “oR 2.0 

[SRAM] [FRC] [F32] 


[F374] 
15ns = 10.4ns 
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Write Equations: 
Equation 2-1 
two = 2T - taNVAV(max) 
100- 12 
(FRC] [FRC] 
twc <= 88.0 ns 
Equation 2-2 
tAW = 2T - tWHAV(max) 
100- 25 
[FRC] [FRC] 
taw = 75.0 ns 
Equation 2-3 : 
tcw = 2T - tWHAV(max) - tDECODE(max) 
100- 25 - 9.0 
[FRC] 
tcw <= 66.0 ns 
Equation 2-4 
twp § 2T - tpw(max) 
100- 25 


[FRC] [F138] 


[FRC] [FRC] 

twp = 75.0 ns 

Equation 2-5 . 

tpws2T  - tcP(max) - WHWRCH(max) 
4125 - 18 


100 - 
[FRC] [F374] [FRC] 
tow <= 69.5 ns 
Equation 2-8 
tDLY(min) = twZ(max) - tPZ(min) - tOR(min) 
20 - 20 - 3.0 
[SRAM] [F374] _[F32] 
tDLY(min) = 15 ns (USE 20 ns "10% 
Equation 2-6 
tWOE(max) = tDLY(max) + sonia 
22 + 66 
[DELAY] [F32] 


tWOE(max) = 28.6 ns 


Equation 2-7 
tpws ae ema)” tPz{max) = Seman! 
100 - - 
[FRC] Gi ra eee 
tow = 33.9 ns 
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RESULTS Based on those results, the Hitachi HM6168H-45 was selected. 
READ PARAMETERS: This is a 4096 x 4-bit Static RAM with a 45-ns access time. Its 


Minimum tao = 82.0 ns specifications are: 


“Minimum taa = = 66.4 ns READ PARAMETERS: 
Minimum tacs = 57.4 ns Minimum tRc = 45.0 ns 
Minimum toy =0 ns (Assumed) Minimum taaA = 45.0 ns 
Minimum tyz =0 ns (Assumed) Minimum tacs = 45.0 ns 
WRITE PARAMETERS: Minium ton) = Soe 

ae ee Minimum tHz =0 ns 
Minimum two © = 88.0 ns 
Minimum taw = 75.0 ns WRITE PARAMETERS: 
Minimum tcw = 66.0 ns Minimum two = 45.0 ns 
Minimum twp = 75.0 ns Minimum tay = = 40.0 ns 
Minimum tow == 33.9 ns (Equation 2-7 used for tpwymin)) Minimum tcw = 40.0 ns 
Minimum twR =0 ns (Because FRC's twr = 0 ns) Minimum twp = 35.0 ns 
DELAY LINE: MinImuR {DW - <='20:0 ns 

; Minimum twR =Ons 

20 ns Delay Line ('10%) 


Sixteen 4K x 4-bit SRAMs are required to complete a 32K x 8-bit. 
FIFO buffer. The complete design is shown in Figure 14. This 
illustrates the two OR-gates, the delay line, the decoder, the two 

' registers, the Static RAM array artd the 674219 FIFO RAM 
Controller in a 20-MHz design. 





674219 


FIFO RAM CONTROLLER 


CLK 


RREGCK 


Cl 


HM6168H-45 





DATAIN 
DATA OUT 


F374 . F374 


Figure 14. Worst Case Design for 20 MHz . 
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Absolute Maximum Ratings 


SUpply voltage VGC ise sk eeeletie cos sig coun ncide awale o viele usin alain eigenen dive G Sarees deletes eoawis wees Pee teke ve. -0.5Vto7.0V 
DGiinput Voltage: VI sc Sasaead eda bee Rs ciseta tie ead 4 cruise bales > 459 Sinia en dive Slo staie'e'bie gia baradtlod » oes geaoaiadals -0.5Vto5.5V 
DC output voltage, VO... ccc c cece cece e cee seeeeeeees saSu sever Si Ondce lata e0k 6 eo gube. 8's Greta al Sie Mistand ie OS Wale anei eg WSte gy We Distal -0.5Vto5.5V 
Off-state: Output VOItAGE: «6 oc sces seeds ww ob die vais erie ie 9's brew Se Siaiwie wis s wee elie nceib's e eielb 9,06 Hed UWE Helse Dade’ Eeea ees -0.5Vto5.5V 
Storage termperature ............20008. Sialaia 6. ip: (esate WiGrein inital Niel fee oh AeainbcaySrale: Sus ewe erases sce wielee sed 58 welsle eas ~65° to +150°C 


Operating Conditions 


a 








ae a a Ee 
ici ns_| 
incor | RequestLowtime —~—=S=~=~“~*~“~*‘“~*~*~dtC OM CS 
iREOH | RequestHIGHtime _——SC~Ss tf 
es a ae er aes 
[Master Reset HIGH toWREGLOW Sd 
[Priory tonon-sampling clocksetup imei 

@ | WENioWREGsctuptime ——SSSS~*idCS 
10] 

rec: 


wv 


eer imesemeumane Ce me ne a 
Fwnac | _WREO LOW to samping clock setuptime ——~+| 79 [sa |e | 
Panao | aheGiowiosanpingdockseupine [10 [sa [oa [oe | 


* The request window must be observed to guarantee proper Operation, between min and max values are not allowed. 


zlgla|glel 
ee 










Electrical Characteristics over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER TEST CONDITION , MIN TYP MAX UNIT 


Vi | LowLevelinputvotage | -—~—SC~CS~SSCStsCS YY 
va |r High-evelinputwotage | SSCS 2 CY 
vic | Input clamp votage | Voo=MINy=-mA tT 
ric: | Low-level input curent | Voc=MIN__Vi=045V 980 


High-level input current - | VGc = MIN Vy=2.4V P50] HA | 
Ta Maximum input current-- | Voc = MIN Vy=5.5V 
Voc = MIN loL (Flag) = 8 mA 
Vcc = MIN lou (Address) = -3 mA 
Output short-circuit current} Voc = MAX VOH=0V wo | -20..  —-90| mA | 
Td , = = 2, . +4 
oa. Off-state output currents ce ae ve a - ; gsr ae 
* *No more than one output should be shorted at a time and duration of the short eircult should not exceed one second. 
Tloz. is Output leakage current plus Ij. 






< 





























2 Pe 4 Voc = MIN lot (Address) = 16 mA 
VOL Low-level output voltage Voc = MIN loL (Control) = 8 mA’ Vv 
VoH |. High-level output voltage | Voc = MIN IOH (Control) = -3 mA 
Voc = MIN IOH (Flag) = -3 mA 
Supply current Voc = MAX 
*Except TEST pin, which should always be grounded. 
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Switching Characteristics | 


MILITARY COMMERCIAL 
SYMBOL PARAMETER cae TYP MAX |MIN TYP MAX UNIT 
50 50 


tMRWH Master Reset LOW to WRDY HIGH | 
ty Master Reset LOW to RRDY LOW 
A 










Oo 


Master Reset LOW to Almost HIGH 


tMREF Master Reset LOW to EMPTY flag HIGH 


oO 
on 


t{MRAL 


tMRWRC Master Reset LOW to WREGCK HIGH 


twRRRC Master Reset LOW to RREGCK HIGH 
tMRWBH Master Reset LOW to W HIGH 7 
Clock to address valid 7,9,10,12,13 


oO 








tav 


‘own 
ait 
Si 


or 


N - - ~- 

wo 

ow | i) 
ala co) 


a 
oO 


wo 

162) 
poy DO) orw}]— hl nto] w@o 
or] OT oO; an!] of}; oO;O/;/a; an 


7 
7 
7 
7 


™ - - 
wo 

i) 

a 


wo] alow , re) — 
a an ras) 


0 


Le) 


9 
9 
9 
9 
9 
9 


Address not valid to W HIGH . 7% 
W pulse width LOW at fo_K(max) 9,13 100* 


Oo 
= 
Las) 


rh 
a 


RRL 
tas 
twR 
twp 
sa 
\WHWFCH 
i-Z 15 
15 
( . eer 15 


WW) rm)W& 
[o3) oa 


WD} & 
oa 






oO}|o 


Address bit HIGH to Hi | 15 | 
Address bit Hi-Z to LOW Fs te. =| | 
Address bit Hi-Z to HIGH [15 | * 


Oo 


OQIiwodl ol arn WO] ow Oi @] a nN 
oO;fo;o;o;a ala o;Oo!;]oa an 





‘CE 
‘CF 
‘ca 
Lz 
tHZ 
'2L 
'2ZH 


Oo 


* fouK(max) = 12.5 MHz (Military). ; 
** forK(max) = 20 MHz (Commercial). 
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Standard Test Load 
vec 
TEST POINT ‘vec . " ; RL 
TEST POINT* 
RL $1 
OUTPUT OUTPUT © 
cL 
CL=30pF = = ys _ 
RL = 6000 . } 
CL = 5 pF (THREE-STATE) $2 
30 pF (NORMAL OPERATION) 
RL = 3000 = 
Load Circult - Load Cirult 
for Bi-State Outputs for Three-State Outputs 


(Control and Flag Outputs) (Address Outputs) 


3V 











ENABLE 
$1 AND 
$2 CLOSED 
DATA OUTPUT $1 CLOSED iy 
WAVEFORM 1 S2 OPEN O5V 
tr ae VoL 
tzu 
DATA OUTPUT $1 OPEN 0.5V 
WAVEFORM 2 sv 






$2 CLOSED 


$2 CLOSED . 


Waveform 1 is for an output with internal conditions such that the output is LOW except when disabled. 
Waveform 2 is for an output with internal conditions such that the output is HIGH except when disabled. 


Figure 15. Enable and Disable Timing 


Notes: A. C,_ includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N306A. 


C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled.by the output control. 


D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
. Allinput pulses are supplied by generators having the following characteristics: PRR = 1 MHz. Zoyt = 50 1 and ta 2.5 ns te $2.5 ns. 
F. When measuring propagation delay times of three-state outputs, switches S1 and S2 are closed. 


m 
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Bidirectional 512x9 
FIFO (BIFIFO) 


Advance Information 


LOZvOZL9 


DISTINCTIVE CHARACTERISTICS | PIN CONFIGURATION 
2-512x9 FIFO buffer, provides asynchronous 
bidirectional communication 


Programmable Almost-Full and Almost-Empty 
flags. 


Byte detect mode 

No handshaking necessary 

Bullt In parity checker/generator 
Generates and detects framing bit 
Programmable Interrupt request 


Bypass mode -—changes the BIFIFOtoa . BIFIFO 
transceiver 


Two mailboxes 


2-512x9 





28 PDIP 
(600 mil) 


QOlDIW P2DUeAPYY 


BLOCK DIAGRAM 


¢ 









SELECTOR 








SELECTOR 
D0-7_B 


: 
SQDIA2Q 














FRAMING PARITY 
WR_A ————_> FRAMING AND PARITY RD B 
BD A GENERATOR/ GENERATOR/ ee 
_ CHECKER CHECKER WR_B 
ice 
GND ———> 
GND ——-» DATA 
TRO_A REGISTERS iRQ_B 
READ ADDRESS WRITE ADDRESS 
icati Rey, Amendment 
10925A/D /0 


Issue Date: June 1988 
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Am2130/Am2140 


1024 x 8 Dual-Port Static Random-Access Memories 


DISTINCTIVE CHARACTERISTICS 


True dual port operation 

Access time as fast as 55 ns 

Master device (Am2130) has on-chip arbitration 
Expandable data bus width in multiples of 8 bits using 
one master (Am2130) and required number of slave 
devices (Am2140) 


Automatic power-down feature - 

All inputs and outputs are TTL-compatible 
48-pin DIP or 52-pin LCC/PLCC 

Single +5-volt power supply 

Advanced N-MOS technology 


GENERAL DESCRIPTION 


The Am2130 and the Am2140 are members of the 1Kx 8 
dual-port static RAM family. The Am2130 is designated as 
the master and the Am2140 as the slave device. The 
master provides the necessary control signal to the slave 
devices to facilitate implementing a wider data bus in a 
system. The master/slave concept allows expansion with 
minimal external logic. 


' Both devices have two independent ports called Left and 
Right port. Each port consists of an 8-bit bidirectional data 
bus and a 10-bit address input bus and necessary control 
signals. 


The Am2130 has an on-board arbiter to resolve contention 
between the left and right ports. When contention between 
ports occurs, one port is given priority while the other port 
receives a busy indication. : 


The Am2130 also contains on-chip facilities for supporting 
semaphores. Addresses (3FE)}y and (3FF)yH serve as 


interrupt generators. If any data is written at the address 
(8FF)y from the left port, an interrupt signal becomes active 
for the right port. The interrupt signal is deactivated by 
reading from the right port at the same address. The 
address (3FE)y is used in a similar fashion by the right port 
to activate the interrupt signal for the left port. 


The Am2130/Am2140 also have two chip enable signals 
corresponding to the left and right ports. Before any 
transaction on a port takes place, the corresponding chip 
enable input must be activated. If a chip enable signal is not 
active, the circuitry corresponding to its side automatically 
powers down and enters standby mode. 


The Am2130/Am2140 are packaged in 48-pin DIPs or 52- 
pin chip carriers. All inputs and outputs are TTL-compatible 
and the devices operate from a single +5-volt power 
supply. 


BLOCK DIAGRAM 


BDO05085 


Notes: 1. Am2130 (Master): BUSY is open-drain output and requires pull-up resistor. 


Am2140 (Slave): BUSY is an input. 


05157 E 
Issue Date: July 1988 


Publication # Rev. Amendment 
/0 
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pa 


Opi cwy/OElLcuy 


‘CONNECTION DIAGRAMS 
Top View 


21 22 23 24 25 26 27 28 29 30 31 32 33 
os 


CD005813 CD009600 
* Same Pinouts apply for LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


R/Wa OG, Oba” 


1/0, = /On, 


Opn - 1/079 


LS002232 


Voc = +5-V Power Supply 
Vss = Ground 
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ORDERING INFORMATION 
Standard Products 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2130 -70 P. Lf 


. OPTIONAL PROCESSING . 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 48-Pin Plastic DIP (PD aay ‘ 
D = 48-Pin Sidebrazed Ceramic DIP (SD 048) 
J = 52-Pin Plastic Leaded Chip. 
Carrier (PL 052) ; 
L = 52-Pin Ceramic Leadless Chip 
Carrier (CL 052) 


. SPEED OPTION 
-55 = 55 ns 

.. -70=70 ns 
-10 = 100 ns 
~12 = 120 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2130/Am2140 
1K x8 Dual-Port Static RAM 


Valid Combinations 


Valid Combinations ‘Valid Combinations list configurations planned to be 


AM2130-55 . supported in volume for this device. Consult the local AMD 
AN2130-70 sales office to confirm availability of specific valid 
AM2130-10 combinations, to check on newly released combinations, and 


PC, PCB, DC, to obtain additional data on AMD's standard military grade 
DCB, JC, JCB, LC, products. 


C8 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and. Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


. LEAD FINISH 
A= Hot Solder Dip 
C =Gold 


. PACKAGE TYPE 
X = 48- ane ache Ceramic DIP 
(SD 0 


. DEVICE CLASS 
/B =Class B 


. SPEED OPTION 
-70=70 ns 
~10 = 100 ns 
-12=120 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2130/Am2140 
1K x8 Dual-Port Static RAM 


Valid. Combinations 


Valid Combinations Valid Combinations list configurations planned to be 
" supported in volume for this device. Consult the local AMD 


AMe130- (0 sales office to confirm availability of specific valid 
_ _AM2130-10 combinations or to check for newly released valid 

AM2130-12 combinations. 

AM2140-70 Group A Tests 

AM2140-10 

AM2140-12 


Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


Am2130 


AoL-Ag._ Left Port Address (Inputs) _ CER Right Port Chip Enable (Input) _ 


These 10 inputs constitute the memory address for the left _ 
port. Ap is the least significant bit position and Ag is the — 


most significant position. A HIGH level on any of these 
inputs represents a logic 1 at that position and LOW 
represents a logic 0. The sequence of events and related 
timing for the address inputs during read and write 
operations will be discussed in later sections of this data 
sheet. 


If a write operation is performed using (3FF)y, an interrupt 
signal is activated for the right port (see INTR pin 
description). 


lf a read operation is performed using (3FE)}, the INTL 
signal will be deactivated (see INT_ description). 


Aorn-Aorn- Right Port Address (Inputs) 

These 10 inputs constitute the memory address for the right 
port. Ao is the least significant bit position and Ag is the 
most significant position. A HIGH level on any of these 
inputs represents a logic 1 at that position and LOW 
represents a logic 0. The sequence of events and related 
timing for the address inputs during read and write 
operations will be discussed in later sections of this data 
sheet. 


If a write operation is paroened using (3FE)}, an interrupt 
signal is activated for the left port (see INT. pin description). 


lf a read operation is performed using (3FF)y, the INTR 
signal will be deactivated (see INTR description). 


BUSY, Left Port Busy Flag (Output; Open Drain) 

This open-drain output requires a pull-up resistor for proper 
operation. A LOW on this output indicates that the on-chip 
arbitration logic detected a contention between the left and 
right ports and the right port is given priority. All left port 


signals must be held stable until a HIGH on this output is 


indicated. 


The BUSY, signal generation is a logical function of the left 
and right port address inputs and the CE, and CER inputs. 
The transient behavior of the BUSY, output is not assured 
while the inputs are changing. 


BUSYR Right Port Busy Flag (Output; Open Drain) 
This open-drain output requires a pull-up resistor for proper 
operation. A LOW on this output indicates that the on-chip 
arbitration logic detected a contention between the left and 
right ports and the left port is given priority. All right port 
signals must be held stable until a HIGH on this output is 
indicated. 


The BUSYR signal generation is a logical function of the left 
and right port address inputs and the CE, and CER inputs. 
The transient behavior of the BUSYR output is not assured 
while the inputs are changing. 


CEL Left Port Chip Enable (input) 

This input must be LOW before any transaction from the left 
port and remain LOW for the duration of the transaction. 
When this input goes HIGH, left port logic circuits enter 
standby power mode and remain in this mode as long as 
this input remains HIGH. It should be noted that powering 
down the left port to standby mode does not affect the INTL 
or INTR outputs. This input going HIGH also initializes the 
internal arbitration latch. It is recommended that CEL go 
HIGH after completing a transaction (see discussion on 
arbitration). 
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Operation of this input is identical to CE, except that the 
CER input controls the right port. 


GND (Vss) Ground 
_WOo.-1/07_ ‘Left Port Input/Output Bus 


(Input/Output; Three State) 

These eight lines constitute the data bus for the left port. Ifa 
read operation is performed using the left port, data from the 
location addressed by the left port address will be available 
on these lines. Similarly, to perform a write operation using 
the left port, data to be written into the memory must be 
presented on these lines. The drivers on the chip to drive 
these lines are enabled only when the CE, is LOW, OE; is 
LOW and R/W is HIGH. 


1/Oorn-!/07R ~=—~Right Port Input/Output Bus 


(Input/Output; Three State) 
These eight lines constitute the data bus for the right port. If 
a read operation is performed using the right port, data from 
the location addressed by the right port address will be 
available on these lines. Similarly, to perform a write 
operation using the right port, data to be written into the 
memory must be presented on these lines. The drivers on 
the chip to drive these lines are enabled only when the CER 
is LOW, OER is LOW and R/Wr is HIGH. 


INT, Left Port Interrupt Flag (Output; Open Drain) 


This open-drain output requires a pull-up resistor for proper 
operation. If the right port performs any write operation . 
using address (3FE)pH, then this output goes LOW. It will - 
remain LOW until the left port successfully completes any 
read operation using the address (3FE)}. It should be noted 
that powering down the ports has no effect on this output. 


INTR Right Port Interrupt Flag (Output; Open Drain) 


This open-drain output requires a pull-up resistor for proper | 
operation. If the left port performs any write operation using 
address (3FF)y, then this output goes LOW. It will remain 
LOW until the right port successfully completes any read 
operation using the address (3FF)y. It should be noted that 
powering down the ports has no effect on this output. 


OE_ Output Enable Left 1/0 Port (Input) 


When this input is HIGH, the left port 1/O bus lines are in 
high impedance state. If this input is LOW and CE, is LOW 
and R/WL is HIGH, the left port drivers are enabled and 
data from the location addressed by the Ao — Agi inputs 
will be available on the I/O bus lines of the left port. It may 
be of interest to note that the OE, input has no effect on the 
BUSY, or BUSYR or INT, or INTR signals. Even though the 
left port 1/O port drivers are disabled when the R/W input 
goes LOW (write operation), it is recommended that the OE; 
signal be kept HIGH during write operations to the left port. 








OER Output Enable Right 1/0 Port (Input) 
When this input is HIGH, the right port !/O bus lines are in 
high impedance state. If this input is LOW and CER is LOW 
and R/Wer is HIGH, the right port drivers are enabled and 
data from the location addressed by the Agr — Agr inputs 

- will be available on the I/O bus lines of the right port. It may 
be of interest to note that the OER input has no effect on the 
BUSY, or BUSYp or INT, or INTR signals. Even though the 
left port 1/O port drivers are disabled when the R/Wr input 
goes LOW (write operation), it is recommended that the 
OER signal be kept HIGH during write operations to the right 
port. 


R/W.__ Left Port Read/Write Enable (Input) 
This input is used to specify the left port function to be 
performed. HIGH indicates a read and LOW indicates a 
_ write function. 


When the CE, is LOW and the OE, is LOW and the R/W is 
HIGH, data from the location addressed by the Ao — Ag. 
will be available on the I/O, - 1/07, lines. As mentioned 
earlier, reading from the left port at the location (SFE) 
disables the INTL output. 


When the CE, is LOW and the R/W, goes LOW, data 
present on the I/Oo, — 1/07, lines will be written into the 
location addressed by the Ag_-—Ag _ inputs. It should be 
noted that the write operation is not affected by the OE, 
input. However, it is recommended that the OE, input. be 
held HIGH during a write operation. As mentioned earlier, 
performing a write operation from the left port at the address 
(3FF),4 causes the INTR output to go LOW. 





Am2140 


The Am2140 is functionally very similar to the Am2130. The 
Am2140 differs from the Am2130 in two signals only — 
BUSY, and BUSYp. In the case of the Am2140 they are used 
as inputs and play a significant role in expanding the word 
width. 


BUSY, Left Port Busy Flag (Input) 
If this input is LOW, a write enable signal to the left side of 
the memory array is internally disabled. In expanded 
systems where an Am2130 is used as the master, this input 

is connected to the BUSY, output of the Am2130. 





R/Wr Right Port Read/Write Enable (Input) 


Vcc +5-Volt Power Supply 





BUSYR 


~ is connected to the BUSYp output of the Am2130. 


It should be noted that even though R/WL is LOW, writing is 
internally inhibited if the right port is given priority by the 
arbiter. Discussion on arbitration can be found in a later 
section. 








This input is used to specify the right port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 







When the CER is LOW and the OER is LOW and the R/Wr 
is HIGH, data from the location addressed by the Agr — AgrR 
will be available on the I/Oor ~-1/O7R lines. As mentioned 
earlier, reading from the right port at the location (3FF)y 
disables the INTR output. 









When the CER is LOW and the R/Wr goes LOW, data 
present on the |/OoR —-!/07R lines will be written into the 
location addressed by the Agr -Agp inputs. It should be 
noted that the write operation is not affected by the OER 
input. However, it is recommended that the OER input be 
held HIGH during a write operation. As mentioned earlier, 
performing a write operation from the left port at the address — 
(3FE)} causes the INT, output to go LOW. 









It should be noted that even though R/Wr is LOW, writing is 
internally inhibited if the left port is given priority by the 
arbiter. Discussion on arbitration can be found in a later 
section. 















Right Port Busy Flag (Output; Open Drain) 
lf this input is LOW, a write enable signal to the right side of 
the memory array is internally disabled. In expanded 
systems where an Am2130 is used as the master, this input 
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FUNCTIONAL DESCRIPTION 


As shown in the block diagram, the Am2130/Am2140 is a true 
1K x 8 dual-port RAM. It consists of a memory array with two 
sets of address decoders and associated logic. This arrange- 
ment allows the accessing of every word in the memory array 
from two independent sources. We call these sources left side 
and right side for convenience. Data accessed by the left-side 
address inputs appears on the left-side data lines of the array 
and is connected to the left-side I/O pins through the 
associated three-state buffers. The enable control signal for 
these buffers is generated using the R/W,, CEL and OE, 
inputs. If the I/O buffers are disabled on the chip, the I/O pins 
can be used as inputs. Data to be written from the left port is 
presented on these inputs. Writing into the memory array from 
the left side is controlled by the left write enable signal 
generated on the chip using the R/W, and CE, inputs. An 
identical arrangement exists for the right side also. In addition, 
there is on-chip arbitration logic to give priority to one port over 
the other in case of a contention, and interrupt flag logic. 


Contention Arbitration 


Two independent access facilities are provided in a dual-port 
memory to eliminate physical interference between signals. 
However, there are two significant possibilities of ‘logical’ 
interference which are not tolerable: when one port is reading 
from a location while the other port is writing into the same 
location at the same time. In this case, data received by the 
reading port may not be predictable. Similarly, consider the 
situation when both ports write information into the same 
location simultaneously. The resultant data that finally ends up 
in the memory location may not be valid. These two situations 
are commonly called contention. The Am2130 has on-chip 
logic to detect contention and give priority to one port over the 
other. In a true dual-port RAM, simultaneous reading from both 
ports at the same address does not corrupt the data. Hence, it 
can be construed that no contention occurs. However, for the 
sake of simplicity and compatibility with the industry standard 
practices, the Am2130 arbitration is based purely on ad- 
dresses. Hence, in the case of a simultaneous read from both 
ports at the same address, the arbitration logic will sense 
contention and give priority to one of the ports. The other port 
will receive a busy indication. 
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’ Figure 1 is a conceptual! logic diagram of contention arbitration 


Figure 1. Conceptual Arbitration Logic 


logic. It consists of two equality comparators. The left compar- 
ator compares the left port address inputs to the delayed 
version of the right port address. Similarly, the right compara- 
tor compares the right-port address to the delayed version of 
the left port address. The output of the comparators is 
connected to a latch formed by two cross-coupled NAND 
gates as shown in Figure 1. The chip enable signals, CEL and 
CEp, are also inputs to this latch as shown. The BUSY, and 
BUSYrR outputs are generated by gating the latch output with 
the proper chip enable signal as shown. Also note that the 
latch outputs are used internally for left and right write inhibit 
signals. For example, if the right side write inhibit signal in 
Figure 1 is LOW, writing into the memory does not occur even 
if the R/Wr input of the Am2130 is LOW. 


The operation of the arbitration circuit can now be explained. 
Assume that the left port address had been stable and CE, is 
LOW. Both Q and Q' outputs of the latch will be HIGH 
because the output of both comparators is LOW (addresses 
are different). So the BUSY output on both sides is HIGH. Now 
assume that the right address changes and becomes equal to 
the left address. The right address comparator output goes 
HIGH and the Q' output of the latch goes LOW. Eventually the 
output of the left comparator also goes HIGH, but because of 
the cross coupling of the Q' into. the gate generating the Q 
output, Q output remains HIGH. As soon as the CER input 
goes LOW, BUSYp becomes LOW. Thus, the arbitrator gave 
priority to the left port by indicating a busy signal to the right 
port. Thus in this example, the left port is the winner and the 
right port is the loser in the contention for the memory. Sooner 
or later the left port will finish its transaction at the contended 
location and change the address or its chip enable will go 
HIGH. Thus when the contention is over the Q output of the 
latch will become HIGH and BUSY R will go HIGH. A similar 
reasoning can be used to understand the operation of the left 
side. It should be clear then, in cases of contention, the arbiter 
will decide one port as the winner and the losing port must wait 
for the winner to complete the use of the memory. The winning 
port must indicate to the arbiter that it has completed its 
operation either by changing the address or making its chip 
enable input HIGH. Without such an indication, the arbiter will 
not remove the busy indication to the losing port. 


Aor“Aon 


BD007422 


Read/Write Operations 


Performing read/write operations when there is no contention 
is relatively straightforward. The sequence of events for a read 


is listed below. The timing relationships between various 


signals can be found in later sections of this data sheet. 


1. Establish HIGH on the R/W and LOW on the CE input of 
the desired port. 


2. Establish the desired address on the desired port address 


lines. 
3. Make the OE input of the desired port LOW. 


4. The I/O lines of the selected port will contain the data after 


the access time has elapsed. 


5. Make the output enable and chip enable inputs HIGH to 
complete the read operation. 


Performing write operations when there is no contention is 
equally straightforward. The sequence of events for a write is 
listed below. The timing relationships between various signals 
can be found in later sections of this data sheet. 


1. Establish LOW on the CE input of the desired port. 


2. Establish the desired address on the desired port address 
lines. 


3. Establish the desired data on the I/O lines of the port. 


4. Make the R/W input of the port LOW and bring it HIGH 
after the specified amount of time. 


5. Make the CE input HIGH to complete the operation. 
When a read or write operation is initiated by a port and 


contention from the other port occurs, the implications are 


very simple. The losing port will-see its BUSY line go LOW. 

. The port must wait until a HIGH is indicated on the BUSY line. 
Thus in this case of contention, the operation did not really 
start when the port initiated it. Instead, the operation actually 
started when the BUSY line went HIGH. See the timing 
diagram for details. 


Interrupts 


Each port has an associated output called interrupt.. The 
interrupt outputs are activated and deactivated by the on-chip 
logic when read and write operations occur with a particular 
address location. For example, if a write operation is per- 
formed by the left port with address (S3FF)y, an on-chip latch is 
set. This latch drives the INTR output LOW. The latch is 
cleared only when a read operation from the right port using 
the address (3FF)y takes place. Similarly, if a write operation 
from the right port using the address (3FE)} occurs, a latch is 
set to drive the INT, output LOW. The INTL will go HIGH (latch 
is cleared) only after a read operation from the left port using 
the address (3FE)y occurs. As mentioned before, powering 
down a port to standby mode does not affect these outputs. 


Depth Expansion Using Multiple Am2130s 


The Am2130 has an intrinsic storage capacity of 1K bytes. 
However, it is simple to expand the storage capacity by using 
multiple devices. Figure 2 is a conceptual diagram of a 2K byte 
dual port memory system using two Am2130 devices. The 
principle behind such expansion is obvious: all that needs to 
be done is to decode the most significant system address to 
generate the individual CE inputs for the Am2130s. For 


example in Figure 2, Aio is the most significant address bit. 
When this signal is LOW and CE input is LOW, the chip enable 
input of the upper Am2130 goes LOW. Thus, the first 1K 


. locations are selected for transactions. On the other hand, if 


Ajo is HIGH and CE is LOW, the chip enable input of the lower 
Am2130 goes LOW selecting the second 1K locations. As 
depicted in the figure, the address inputs of both Am2130 
devices are bussed together. Similarly, the i/O signals are 
also bussed to create the overall data bus. Also note that the 
other control signals are connected between the two devices. 


In this example, we have not used the interrupt outputs. 
However, it should be noted that depth expansion using 
multiple devices does not change the operation of the 
interrupt outputs. The interrupt output of each device behaves 
as described before. Hence, the user must decide which 
interrupt output from which device will be used in his system. 


Width Expansion 


The intrinsic width of the data word of the Am2130 is eight 
bits. However, it is possible to realize wider data words 
(multiples of 8) by using ‘multiple devices. The instinctive 
solution of taking the required number of the devices and 
assigning the data bits to individual devices is potentially — 
unreliable. As we know, the Am2130 has arbitration logic on 
the chip, and hence is called the master. When several of 
these masters are present, device-to-device variations and 
other factors may cause one device to give priority to one port, 
while another device gives priority to the other port. In 
essence both ports are busy! This is an undesirable situation 
and should not be allowed in operation. The most elegant way 
to avoid the situation is to allow only one device to arbitrate 
the contention. It is recommended that when expanding the 
width of the data words, the Am2130 be used as the master 
and a number of Am2140s be used as slave devices. The 
Am2140 does not have the arbitration capability; instead it 
accepts the BUSY outputs generated by the Am2130 as 
inputs. 


' Figure 3 is a conceptual diagram of a 16-bit system using one 


Am2130 and one Am2140. As can be seen, using master/ 
slave devices avoids external logic for expansion. For the sake 
of completeness of this discussion, it may be noted that it is 
indeed possible to expand the width using Am2130s only. 
However, external logic must be provided to prevent every 
device of the system from arbitrating. We want only one 
device to be the arbitrator. As explained in Figure 1, arbitration 
can be defeated by suitable control of the CE input of the 
Am2130. 


Figure 4 shows a conceptual diagram of a 16-bit system using 
two Am2130s. Device 1 in this figure behaves as the master. 
The external logic shown in the figure ensures that the CE 
input of Device 2 is HIGH if the corresponding BUSY output of 
Device 1 is LOW. Thus the arbitration logic of Device 2 is 
prevented from taking part in resolving contention. 


Simultaneous Width and Depth Expansion 


By combining the depth and width expansion schemes dis- 
cussed, it is possible to build systems with greater depth 
(multiples of 1K) and wider words (multiples of 8). Figure 5 
shows a conceptual diagram of a 2Kx16 system. The 
operation of this scheme is understood by suitably combining 
the explanation of Figure 2 and Figure 3 and hence is not 
repeated here. 
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am2130 


BD007380 


BD007400 


Figure 3. Width Expansion with Master/Siave 
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Wgr-15A 


BD007410 


Figure 4. Width Expansion with Master: - 


BD007390 


Figure 5. Conceptual Diagram of a 2K x 16 System Using Master/Slave 
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TABLE 1. NON-CONTENTION READ/WRITE CONTROL 


aa Left Port Inputs Right Port Inputs Left Flags | Right Flags 
RL Aot=Aot | A/a |_TEn_|0ea| Aon Asn aoe BUSYa| Ta 
Left port in power- 
down mode 
Right port in power- 
down mode 
; Data on left port 
written to memory 
location Ao. - Ag. 
Data in memory 
location Ag. - Aoi 
output on left port 
Xx x " X L L x X X X {Data on right port 
written to memory 
location Aor - Agr 
xX xX x Xx L L x x X X  |Data in memory 
: location Agr - Agr 
; output on right port 
L Ls SFF xX xX Xx xX! xX L JLeft port flags right 
; port to read memory 
location 3FF 
x xX L L xX SFE L H X {Right port flags left 
; port to read memory 
location 3FE 


TABLE 2. BUSY ARBITRATION OF ADDRESS CONTENTION 


Flags 
Left Port Right Port (Note 1) 


jem, | ea Be, boen—rae fen] _En_| OEn laon-Aen| BURY, | BUT 
| xX f Law | xX [Match | | ___H__] Right-Port operation only 


Match is permitted. (Note 3) 
ae eas a TH Sl el a 


[maton [x [ca [x | Match [1 Jetport operation ony 


Match is permitted. (Note 4) 
A al A >t 


TABLE 3. INTERRUPT FLAG 


Right Port 


pam | ce | oe | santos | me | wa | tee | Oe | Aontoe | Wa | 

Fe EST GR VR 
a eC NE Ge 
Po ee ee ae tee de 
SC tT SO VN LR SC 


Key: H= HIGH 
L=LOW 
LIV = Last Input Valid; meets taps spec.(Note 2) 
X = Don't Care 
X14 = No Match, or 
Same port deselected, or 
Opposite port has priority 


Notes: 1. INT Flags = X 

2. If LIV violates taps spec then one of the two ports receives priority, and the remaining port's BUSY Flag goes LOW. However, 
there is an extremely rare metastable event which can occur when the arbitration circuitry cannot determine which port was "'first" 
at the matching address. On this rare occurrence, both ports may momentarily receive BUSY = LOW signals until the metastable 
state is resolved (usually within a few nanoseconds). Thereafter, one port's BUSY remains LOW while the other completes its 
operation and resumes normal operation. 

3. A Left-Port Read operation is also permitted if ‘the Right-Port is also reading. 

4. A Right-Port Read operation is also permitted if the Left-Port is also reading. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ambient Temperature 
with Power Applied 
Supply Voltage — 
with Respect to Ground -0.5 to +7.0 V 
All Signal Voltages -3.5 to +7.0 V 
Power Dissipation .............cccccesesececcseterescteeeneaees 1.2W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 


-55 to + 125°C 


-65 to + 150°C 


OPERATING RANGES 
Commercial (C) Devices (Note 8) 
Temperature (Ta) 
Supply Voltage (Vcc) 
Military (M) Devices (Note 8)* 
Temperature (Ta) -55 to +125°C 
Supply Voltagé (Vcc) +4.5 to +5. 5V" 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military product 100% tested at Tc =+25°C, +125°C, 


and -55°C. 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group . 
Parameter 


Subgroups 1, 2, 3 are tested unless otherwise noted) 
aoe 
Description Test Conditions 


Input Load Current * = 
Power Supply Current (ee 
Devices 
SBI (Both Ports Standby) 
Doves 
oan a a gS 


Parameter 
Symbol 


Voc = Max., CE = Vit 
Outputs Open 


Voc = Min. to Max., 
CEL and CER = Vin 


Voc = Max., 
CEL = Vit and CER = Vin or 
CEL = Vin and CER = Vi. 


Standby Current 
(One Port Standby) 


ic aaa ae Nee 
‘Input LOW Voltage r 
(All Addresses a Clocks) 


eo 


yc LOW Voltage 
auey We Output_LOW Voltage loL = 4 mA 
ihc 14), INT) (Note 7) 
or [oe torvnes DBS ep 


CAPACITANCE (Note 9) 


Parameter Parameter . 
a a oe 
[court | Supa Capactace SS CSYSOC*~“‘(M} 
See ee ee ee ee 


Notes: See notes following Switching Waveforms. 
f¢ Not included in Group A Tests. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (for APL Products, 
Group A, Subgroups 7, 8, 9, 10, 11 are tested unless otherwise noted) 


| | ameta0/am2ta0 


Parameter Parameter ‘ Test | -ss_| zo | so | -2 | 
Symbol _ Description Conditions min. | Max.| Min. | Max.| Min. | Max.| nin. | Max. 
READ CYCLE (Note 10) : 
| 1 | tac [Read Cycle Time | TO too] 120] ts | 
[2 [tm | Address Access Timo SST SCT ST 8 | | vo] (| 00 | —*' ta | hs | 
| 3 | tace [Chip Enable Access Time | CT ST 0 | 00 |_| 120 ns | 
| 4 | taoe | Output Enable Access Time | | CT TT ST 4 | 60 | ns | 
| 5 | ton __| Output Hold from Address Change {| | TT TT STS Ts | 
| 6 [ uzt | OutputlowZTime i Notes mV] 5 | | Ss | UT hh] UT Sh Ts | 
7 | tuzt {Output High Z Time (Notes & 9] 0 | 25 | Oo | 30 | oO | 40 | 0 | 40 | ns | 
[8 | tut | Chip Enable to Power Up Time ss |_—(Note ) =| oO || oO | )|hUhf co | Uf oO | os | 
[9 | tent | Chip Disable to Power Down Time [_ (Notes) | | 95 | | 35 | | 50 | |] 60 | ns | 


WRITE CYCLE (Note 10) ; 


[10] wo | Wite Glo time SS CdSCCCSC~C~idSOSST CdS 70] «dL tO YT~C«dS OC's | 
Tat | tew | Chip Enable to End ofwite S| S| | } OS | | 90 | ~~ too || | 
[eww [Address Valid to End ofwite S| SST | | 5 | | 90 | —*| oo] «dns ‘| 
Pas [ us | Address Seup Time S| SSC] | ~~ Cd OC] )~hCcT Cf (UT [Coe | 
P14 [we | WrterPuise wan TSC | CLO] C| | || ts | 
P15 | twa | White Recovery time S| SCF OCT (UT OC |) TO) UT OC] (| oe | 
P16 | tow | Data Valid to End ofwite S| SCT | dT 8] ~ CL co] CT ao] ns | 
a ST A DO 
P18 | twzt | Write Enabled to Output in High Z| (Notes5&9)| 0 | 2 | 0 | 90 | o | 40 | 0 | 50] ns | 

| tow t __| Output Active from End of Write =| (Notes &9)] o | | o | fo} | of | ns | 

BUSY FLAG TIMING (Notes 7& 14). 


(Teo ag | Read Gycto time———SSCSCSCS SSCS | Cd OT dT] 
rat [wo | Wite Cyclo Time ——SSSSSSCSC*d Si | | | 00 | peo |e | 
P22 [ew | BUSY wo Wite—SsS—=~C~—~SsS tw tw Ps | dT | Td | 

[Ces Twa [wit oid Aner BUSY | Wot 1a) | 20 | fo] [| [a] | 95 

wan + | BUSY Access Tine to Adress | Woe) | |] || |s] | 60 | 0 | 


ied Mos Eee A ee ee 
EL eer a 
| wor’ | Egmont | owes [fe] jel efel. [o| «| 

: On ae eae LO 


[tes | Arbitration Priory Setup Time ce es 


INTERRUPT TIMING (Note 7) 


WE to Interrupt Set Time 


I 
CE to Interrupt Set Time a 


Notes: See notes following Switching Waveforms. 
¢ Not included in Group A tests. 
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SWITCHING TEST CIRCUITS: 


+5V 


7TC002201 
Test Loads A and B 


i CAP 


Tc002222 
Test Loads C and D 


TEST OUTPUT LOADS 
rere 


A 


5 pF (Note 1) 


c 
po [Spr tote 


Notes: 1. Includes Scope and Jig Capacitance. 


SWITCHING TEST WAVEFORM 
AC Test Conditions 


Input Levels 


Input Rise and Fall Times 


Input Timing Reference 
Levels 


Output Reference Levels 


GND to 3.0 V 


1.5 V 
1.5 V 


Test Output Load See Test Output Loads Table 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE - 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING: 


CENTER 
LINE 1S HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
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SWITCHING WAVEFORMS (Cont'd.) 


READ CYCLE 
(Either Side) 


OATA OUT 


WF009391 


Address Access 
(Notes 1 & 2) 


ee as 


En 
DATA OUT . (] VALIO DATA 
KA \ 
® 


—— @)—— 
leg ee we ee ee 
CURRENT 


'sp 


WFO009401 


CE and OE-Controlled Access 
(Notes 1 & 3) 
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SWITCHING WAVEFORMS (Cont'd.) 


WRITE CYCLE 
(Either Side — Note 4) 


—_—_____—_—__—@ 
@)——_——_—_____—_____- 
{TTITT] 


@ 
@ a 
; ee _ 
Le 
af # XY AAN 


HIGH IMPEDANCE 
DATA OuT 


WF009411 


E-Controlled Data Out 


HIGH IMPEOANCE 
OaTA Out OATA UNDEFINED 


WF009421 


WE-Controlled Data Out 
(OE = Vit) 
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SWITCHING WAVEFORMS (Cont'd.) 


BUSY FLAG TIMING (1 of 2) (Note 12) 
(Chip Enable Arbitration) 


we XEROX re 


ADOR, ; : ADORESSES MATCH AOORESSES DONT CARE 


WF009433 
CER Valid Last 


wn SEX ewe XS 


WF009434 


EL Valid Last 
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SWITCHING WAVEFORMS (Cont'd.) 


BUSY FLAG TIMING (2 of 2) 
(Address Arbitration) 


© on @) 


AODORESSES MATCH ex Cy (x ADDRESSES 00 NOT MATCH 
A ey 1.0.65 
oe I 


@8) 


WF009443 
ADDRp Valid Last 


@ of @ 


eee X XXX em) 
2 


oe ene 
a a 
rae reer 
@5) 


WF009444 
ADDR, Valid Last 


——==0 


__ + @ 


WF024680 
For Am2140 Only 
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SWITCHING WAVEFORMS (Cont'd.) 


INTERRUPT TIMING (1 of 2) 
(Set INT Flag-— Note 11). . 


eaten ene 
VY 
a eae 


os - @ 
UE 
a 


WF009486 
Left Side Flags Right Side 


@)) 


ee ee 
(2) 


SS @) © 
e= 
ae 


ATI LL LL 


WF009487 
Right Side Flags Left Side 





SWITCHING WAVEFORMS (Cont'd.) 


INTERRUPT TIMING (2 of 2) 
(Clear INT Flag) 


“wom TORRE mee 
« TTT _ 
— MN | 
DUA NNANNNANANANNNRURRRTAANANY. 
| aS eee 


fit 
LLLLLL 


3) 


NYT, 
. ee eee 


Left Side Clears INT. 


Fo 0000 0000001000100006 
m TTT 
x NNNNNNY? 
= (YMA 
Se ecm aoe 


@) 


INTa ( 
= 


WHEE 


Right Side Clears INTR 
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1.R/W is HIGH for Read Cycles. 

2. Device is continuously enabled, CE =Vi_, OE = Vit. - 

3. Addresses valid prior to or coincident with CE transition LOW. 

4.\f CE and R/W go HIGH simultaneously, the outputs remain in the high-impedance state. 

5. Output transition is measured at +500 mV from the low- or high- impedance voltage levels using Load A. 

6. CEL = CER = ViL. 

7. The BUSY and INT outputs are open drain. A pull-up resistor is required for system operation. For measurement purposes, Load 
C is used for HIGH-to-LOW transitions; output reference level is 1.5 V. Load D is used for LOW-to-HIGH transitions; output 
reference level is +500 mV from the output LOW voitage level. 

8. For test and correlation purposes, temperature is defined as stabilized case temperature. 

9. This parameter is guaranteed by design but is not 100% tested. ; 

10. Except where indicated, |/O pins use Load B. 
. 11.For a given port to Set or Clear an Interrupt Flag, 1) that port must have priority if addresses match and both 
CE, = CER = LOW; or 2) Addresses do not match. 
12. If the last input valid transition, which would ordinarily cause a match, occurs at the same time that the opposite port address or 
CE changes to a no-match condition, then BUSY will remain HIGH (i.e., if there is never a match, then BUSY remains HIGH). 
13. For Slave Am2140 only. 
14. For Master Am2130 only. 


- * Notes listed correspond to reference made in the following sections: — Operating Ranges 
- DC Characteristics table 
- Switching Characteristics table 
- Switching Waveforms 
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Am99C10 


256 x 48 Content Addressable Memory (CAM) 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Fast-compare time— 70 ns data to match output 
Maskable-bits and maskable-words 

Word-parallel search 

Multiple-match capabilities 


@ On-chip address decoder 
Time-multiplexed data input 
TTL-compatible inputs and outputs 
Low power dissipation via CMOS 


GENERAL DESCRIPTION 


The Am99C10 is a high-speed Content Addressable Mem- 
ory (CAM) with a capacity of 256 words of 48 bits each. The 
256 x 48 organization is ideal in Ethernet network applica- 
tions where it can function as an address filter and perform 
the network address look-up function in bridges. It can.also 
.find use in database machines, temporary storage, decod- 
ing, and scratch pad memory applications. Unlike standard 
memories that associate data with an address, the CAM 
associates an address with data. The data (comparand) is 
presented to the CAM which performs simultaneous com- 


pare operations on all data (256 words). When the compa- — . 


rand and a word in the CAM are matched, the on-chip 


priority encoder generates a match word address identify- 
ing the location of the data in the CAM. If multiple matches 
occur, the encoder generates the lowest matched address. 


The Am99C10 features a 16-bit bidirectional data bus and 
three control signals: W, G and E. W controls the writing of 
the internal registers, latches, and the CAM. G controls the 
reading of the output data and status, while E controls the 
selection/deselection of the device. “ 


The Am99C10 CAM is manufactured with state-of-the-art 
CMOS processing techniques. It is assembled in a 28-pin, 
400-mil wide DIP. foie 1p 


‘BLOCK DIAGRAM 


FULL 


OCarHaAH 
DmAM—-OmMD 


DATA 


BUS 
(16-BIT) 


O2>D>VEZ00 
DMAM—-—HMD 


COMMAND 
REGISTER 


oe 
W 
ot 


E 
G 


7 Publication # Rev. Amendment 
08125 _ B /0 
Issue Date:. June. 1988 


SEGMENT COUNTER S, 
SEGMENT COUNTER S, 


<4~tvzem 


MATCH NICH 
Le 


FOL 


BDO06451 





S291A2q O1DIW P2dUPAPY 


>a 


OLoé66wiy 





CONNECTION DIAGRAM 
Top View | 


081258-001A 


CD011420 


: Pin 1 is marked for orientation. 


PIN DESCRIPTION 


D/C Data/Command Mode Selection (input, TTL, 
Active HIGH) 


ALOW on this input selects the command mode. A HIGH on 


this input selects the data mode. 


W Write Enable (Input, TTL, Active LOW) 
This pin controls the writing of the internal registers and 
latches. New data may be written into a register by forcing 
the appropriate state of D/C, E and W. 


G Output Enable (Input, TTL, Active LOW) 
This pin controls the reading of the output data and status 
‘ register. The status register can be accessed by forcing the 
appropriate state of D/C and pulling G LOW. Do - D5 is in 
the high-impedance state when G is pulled HIGH. 


E Chip Enable (Input, TTL, Active LOW) 
A LOW on this input enables chip operations as specified by 
the state of D/C, W, G and the command word. .. 


Do-Dis Data Bus (Bidirectional, Three-State) 
The 16-bit bidirectional data bus performs data transfers. 
The data bus is in a high-impedance state when G is HIGH 
and/or E is HIGH. 


FUNCTIONAL DESCRIPTION 


The following functional description briefly describes the 
Am99C10 Block Diagram as well as the architecture of the 
device. 


Organized 256 x48, the Am99C10 has an internal 16-bit 
bidirectional data bus, while the internal data bus is organized 
48 bits wide. The demultiplexer and Comparand Register 
assemble 48-bit wide data from the external 16-bit data. The 
Segment Counter controls the multiplexer/demultiplexer oper- 
ations. The Comparand Register is organized as three 16-bit 
registers. The source of data to the Comparand Register is 
selected from the CAM, Mask Register, or |/O. The Segment 
Counter output is used to select a 16-bit field in the 48-bit bus. 
The Mask Register is 48 bits wide and is loaded from the 


Comparand Register by issuing a "'move'' command. The 


FULL Address Full (Output, TTL, Active LOW) 


A LOW on this output indicates that all the words in the 256 
address locations in CAM are used. A HIGH on this output 
indicates that certain locations are still available for storage 
or that the FULL output is disabled. The FULL output is in 
the logic HIGH state when E is HIGH. 


MTCH Match (Output, TTL, Active LOW) 
A LOW on this output indicates that the data present in the 
comparand register and word(s) already stored in the CAM 
are matched. A HIGH. on this output indicates that a 
mismatch has taken place or the match output is disabled. 
The match output is in the logic HIGH state when E is HIGH. 


Vcc Power Supply (Input) +5 V 
Vss Power Supply (Input) Ground 


command latch holds a 16-bit command word, providing 
global control of the Am99C10. 


The state information memory indicates the state of the 48-bit 
word in the CAM and is organized 256 words by 2 bits. Each 
48-bit word has a skip-bit and an empty-bit associated with it. 
The skip-bit enables/disables a word in the CAM in situations 
where there are multiple matches. The priority encoder 
generates the lowest match address when multiple matches 
occur. The skip-bit gives the user the ability to detect other 
matched addresses. The match address is accessed by 
reading the status register. The empty-bit indicates available 
or empty addresses in the CAM into which data can be written. 
If multiple empty addresses exist, the priority encoder gener- 
ates the lowest empty address. The empty address is ac- 
cessed by reading the status register. 
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Whatever your military data buffering needs, Advanced Micro 
Devices has the right specialty memory device to fit your applica- 
tion. All of our military bipolar and CMOS First-in First-out Fie?) 
memories are fully screened to MIL-STD-883. 


Bipolar Military FIFOs 


The 57401 and 57402 standard bipolar FIFOs feature 64 words 
by 4-bit and 64 words by 5-bit architectures. Words can be asyn- 
chronously loaded and unloaded from these FIFOs at 7 MHz. 
Standard FIFOs are offered in enhanced 10 MHz versions, the 
57401A and 57402A. Both standard and enhanced FIFOs are 
available as standalone and cascadable devices. Cascadable 
FIFOs are expandable in word width and depth. AMD’s bipolar 
process has been proven to be radiation-tolerant at neutron 
fluences up to 1x10'* neutrons/cm?. The process has also shown 
typical recovery times of 50 to 70 ps from a 1 ps pulse at a dose 
rate of 2x10'° RADs (Si)/s. 


Low Power FIFOs | 


For applications requiring a shift-in speed of 12 MHz with more 
modest power requirements, the military low-power standalone 
FIFOs are an ideal solution. The 57L401D, 57L402D, and 
57L4013D consume only 120.mA maximum and are available in 
64x4 and 64x5 configurations. The 57L4013 also features three- 
state outputs, which ease board testing and are excellent for 
applications where the FIFO is driving a bus. 


High Performance FIFO 


The 57413A is AMD’s fastest military FIFO. It offers a full 25 MHz 
shift-in/shift-out rate, for performance-critical applications.. Other 
features include three-state outputs and status flags. Two flags, 
Half-Empty and Almost Empty/Full alert the system when the 
FIFO is half full (82 words or more), almost empty (8 words or 
less), or almost full (56 or more words). 


CMOS FIFO Family 


AMD's family of zero-power CMOS FIFOs will offer the ultimate 
in speed and low power. All five new devices are fully cascadable 
for easy expansion in word width and depth. They feature asyn- 
chronous shift-in/shift-out rates of 12 MHz with extremely low 
power consumption. When in standby (quiescent) mode, these 
devices consume only 550 watts of power. The active power 
dissipation is equally impressive. At maximum frequency 
(12MHz) military CMOS FIFOs require only 40 mA. 
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The CMOS FIFOs employ a static RAM-based memory array 
which allows them to operate with an extremely short fall-through 
time. Designers with high speed requirements will not have to 
wait for the ripple-through delay associated with register-based 
FIFOs. In addition, AMD's CMOS FIFOs offer fully-TTL compat- 
ible inputs and outputs. 


The 57C401 and 570-402 are organized like the standard 64x4 
and 64x5 FIFOs, but add enhanced speed and reduced power. 
These parts are designed for applications in systems where 
higher speed and zero power is a requirement. 


The 5704013 and 57C4023 resemble the ’C401 and ’C402 but 
also offer three-state outputs. The ability to turn off the FIFO 


_outputs is useful in testing and in on-board bus applications. 


The 5704033 is a unique 64x5 device which offers status flags in 
addition to three-state outputs. The two flags, Half-Empty and 
Almost Empty/Full operate in the same manner as onthe 57413A. 


AMD will soon offer a line of high density CMOS FIFOs: the 
5704500 (256x9), 5704501 (512x9), and 5704502 (1Kx9) buffer 


_memories. These devices feature static-RAM-based architec- 


tures specially tailored for applications requiring increased depth. 
They feature a 50 ns access time and 20 mAstandby power. Our 


_ highdensity FIFOs are fabricated on AyD: '$ proprietary poly-load 
. CMOS process, 


Uses of FIFOs. 


AMD's military FIFOs are a simple, economical way of matching 
the instantaneous data rates of two digital systems. Examples 
are dual microprocessor systems where the FIFO keeps trans- 
mitting microprocessor “free” by storing the data for the second 
processor in advance. The first processor is able to load the data 
as a block and continue with other tasks, and the second can 
receive the datafrom the FIFO as itis required. Asimilar situation 
might occur in a display system where a general-purpose micro- 
processor sends data to a specialized graphics processor. 


In many aircraft, a central computer supervises several distrib- 
uted microprocessors which, in turn, control subsystems such as 
weapons, targeting, radar, and displays. The use of FIFOs as se- 
rial data buffers to these subsystem microprocessors allows the 
central processor to prepare and send data quickly, freeing it to 
move on to the next task. 


FIFO IC Selector Guide (MIL) 








Low Density FIFOs 


Tech- Part 
ney Number 


C57401 
57401 
C57401A 
57401A 
57L401D 
57L4013D 
C57402 
57402 
C57402A 
57402A 
57L402D 
57C401-12 
57C4013-12 
57C402-12 
57C4023-12 
57C4033-12 


Organ- 
ization 


oROROROROM: ecm ssmeemccmeomcclesmecemesince) 


w 


57413A 


High Density FIFOs 


Tech- Part Organ- 
nology Number ization 
Cc 57C4500-80 
Cc 57C4500-65 
Cc 57C4500-50 
Cc 5704500-40 
Cc 
Cc 
Cc 5704501-50 
Cc 57C4501-40 
Cc 57C4502-80 
Cc 57C4502-65 
Cc 5704502-50 
Cc 57C4502-40 
Notes: 
Technology: 
B - Bipolar C — Cascadable 
C-CMOS S — Standalone 


AD ADDADANAHIAHINNHHAHnOD 


Type 


QANDADAIAAAQAANAANO 


PackageType: 
N ~ Plastic 

J — Ceramic 
NL — PLCC 
L—Leadless Chip Carrier 


Package 


= 
= 


16, 20 (LCC) 
16, 20 (LCC) 
16, 20 (LCC) 
16, 20 (LCC) 


18, 20 (LCC) 
18, 20 (LCC) 


qejccceonenenwuwunwounwnwunwuwwao 


—_ 
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Features: 


=12MA 
= 12MA 


TPO Low Power |, 
TSO Low Power |, 
TPO 

TPO 

TPO 

TPO 

TPO Low Power |, = 12 MA 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based, 
Status Flags 

TSO, Status Flags 





TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 
TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 
TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 


TSO — Three State Output 
TPO — Totem Pole Output 
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JAN 38510 and Standard Military 
Drawing Program 


AMD is an active participant in the JAN 38510 and Standard 
Military Drawing (SMD) Program. The idea behind the SMD 
Program is to standardize MIL-STD-883, Class B microcircuits 
where fully qualified JAN product is not available. The advantage 
to the user is that SMDs are acost effective alternative to source 
control drawings and are offered as off-the-shelf stocking items 
by IC manufacturers participating in the program. 


Standard Military Drawings should always be considered to 
improve availability over source control drawings. It is standard 
practice at AMD to convert our 883, Class B processing to SMDs 


for all products which we are approved to supply. AMD then dual 
marks these devices with both the SMD number and the Generic 
Part Number. DESC approved products can then be procured to 


~ either part number as standard product through both OEM and 


Distributor channels. 


The following cross reference will allow you to determine the 
appropriate SMD and JAN Drawing for each FIFO device. AMD © 
will continue to work closely withe DESC, generating new draw- 


.ings, which will provide a steady flow of advanced technology 


products to standardized specifications. 


MIL-M-38510 Slash Sheet Cross Reference for AMD Generic Part Number 
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Standard Military Drawing Generic Part Type Cross Reference 







































5962-8779111EX 


STANDARD MILITARY GENERIC JAN REPLACEMENT 
PART NUMBER PART NUMBER NUMBER 


5962-8779101EX 57401J/883B 
5962-87791012X 57401L/883B 
5962-8779102VX 57402J/883B 
5962-87791022X 57402L/883B 
5962-8779103EX 57401AJ/883B 
5962-87791032X 57401AL/883B 
5962-8779104VX 57402AJ/883B 
5962-87791042X 57402AL/883B 
5962-8779105EX C57401J/883B 
5962-87791052X C57401L/883B 
5962-8779106VX C57402J/883B 
5962-87791062X C57402L/883B 
5962-8779107EX C57401AJ/883B 
5962-87791072X C57401AL/883B 
5962-8779108VX C57402AJ/883B 
5962-87791082X C57402AL/883B 
5962-8779109EX 57L401DJ/883B 
5962-8779110VX 57L402DJ/883B 


57L4013DJ/883B 
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MMI 
PACKAGE 


DESIGNATOR PACKAGE TYPE 


CERAMIC DIP 
CERAMIC FLATPACK 
CERAMIC LEADLESS CHIP CARRIER 


Product Introduction Procedures 


All new products released by the Military Products Division must 
successfully pass Mil-Std-883 Class B processing prior to new 
product announcement. This practice allows us to do checkout 
of bonding diagrams, electrical test tapes and burn circuits in a 
manufacturing environment. Programmability is checked when 
applicable. Our Military Engineering Department reviews electri- 
cal data to insure performance and yields to military data sheet 
limits are acceptable, prior to new product release. This proce- 
dure allows MPD to keep manufacturing start-up problems to a 
minimum on new product orders. 


Standard Processing Flows 


Monolithic Memories Processing and Screening flows are organ- 
ized to provide abroad selection of processing options, structured 
around the most commonly requested customer flows. 


Standard processing flows for the Military Products Division 
include: 


Monolithic Memories Inc. Modified Level S 
JAN 38510 Class B 

Military Drawing Program 

Mil-Std-883 Class B 

Monolithic Memories Inc. Mil-Temp Product | 


In addition, these flows are expanded to provide for factory 
programming on PAL circuits, when required by our customers. 


Major benefits can be realized by ordering product to standard 
flows whenever possible: 


¢ Minimize need for source contro! drawings. 

* Cost savings on unit cost—no price adders for custom process- 
ing. 

¢ Improved lead time—no spec review or negotiation time, plus 
the ability to pull product from various work-in-process stages 
or purchase product from finished goods inventory. 


For your reference, we have included our Modified Level S flow, 
our Mil-Std-883 Class B flow and our Mil-Temp Product flow. For 
your planning purposes, we have calculated typical throughput 
times for each operation, as product proceeds through the 
processing flow. 


It is the policy of Monolithic Memories, to always operate to the 
most current revision of Mil-M-38510 and Mil-Std-883. 








MIL-SPEC 
LEAD FINISH 
DESIGNATOR 


STANDARD 
LEAD 
FINISH 


SOLDER DIP 
SOLDER DIP 
SOLDER DIP 


Manufacturing and Screening 
Locations 


JAN Products, Monolithic Memories Modified Level “S’, and 
customer orders which call for U.S.A. assembly, are manufac- 
tured in our DESC certified line in Sunnyvale, California. 


MIL-STD-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assembled at 
our Penang, Malaysia facility. This facility is qualified by Mono- 
lithic Memories Quality Department, as well as by many of our 
customers, to manufacture. MIL-STD-883 Class B product. 
Conformance to MIL-STD-883 requirements is routinely moni- 
tored through audits at the Penang facility as well as incoming 
inspections in Sunnyvale. Manufacturing capabilities for each 
Monolithic Memories facility are highlighted on the chart below. 


To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to shipment. 
Products assembled in our stateside facility in Sunnyvale, Califor- 
nia, will have “USA” marked on the topside of the device. The 
exception to this is JAN 38510 product, which is marked to the 
MIL-M-38510 requirements only. 


Offshore built product, which i is manufactured in Penang, Malay- 
sia, will have “Malaysia” or “Malay” marked on the bottom side of 
the device. 


Manufacturing Capabilities 


Assembly 

Precap Inspection 

Environmental Testing 

Electrical Pre-Test 

Burn-in 

Post Burn-in Electricals 

Group A Testing 

Mark 

Factory Programming 

Qualification and Quality 
Conformance Testing 


X 
X 
X 
X 
X 
X 
X 
X 


xxx «KK KK KX 
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Standard Military Flow Chart 


MODIFIED LEVEL S REQUIREMENT | eLaSSB REQUIREMENT 
MIL-STD-883 MIL-STD-883 

‘METHOD 5004 METHOD 5004 
Assembly USAAssembly Ng oe oe et Typically offshore assembly Mes aoe 
Non-destruct 2023(Sample) ‘| LTPD #5 
bond pull REJ =0 

SS = 2 all wires 

Die shear/ 2019 (sample) SS =2 
Destruct bond pull REJ = 0 





Internal visual 2010 cond. A (modified) } (100% 2010 cond. B 100% 
Stabilization bake 1008 1008 100% 
Temperature eying | 1010 ~«#Y?~ 100% 1010 100% 


Constant acceleration 2001 test cond. D or E 100% 2001 test cond. D or E 100% 
: Y1 orientation only Y1 orientation only 
Seal A) Fine 1014 cond. Aor B 100% 
B) Gross cond. C ; 
Particle impact noise 2020 cond. A only 100% 
detection (PIND) 


Interim electrical Per sppieaton device | 100% 
parameters specitication 
A= 25°C only ; 





Seriaization | =—=s«| (100% 
X-Ray 2010 two views 100% 
X and Y axis only 


Interim electrical (1) Per applicable device 100% Per eppleane device (1) 100% 
parameter specitication epee ication 
A = 25°C only A = 25°C only 


Post electrical Per applicable device 100% Per applicable device 
parameters. specitication specitication 
A= 25°C only A= 25°C only 
(delta's when required) 


Delta calculations Per applicable device 
(when applicable) specitication 


Percent defect allowable | DC Parameters DC Parameters 
PDA = 5% or 1 device PDA = 5% or 1 device 
whichever is greater whichever is greater 
Functional Parameters 
PDA = 3% or 1 device 
whichever is greater 


(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices—AC parameters are tested on programmed sample. 
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Standard Military Flow Chart (Cont'd) 


| SCREENING =| MODIFIED LEVELS REQUIREMENT Tease] REQUIREMENT | 
MIL-STD-883 MIL-STD-883 
METHOD 5004 ; METHOD 5004 
Final electrical Per sppieable device | 100% Per a device 100% 
parameters (hot and specitication specification 
cold extremes) 
Sal A) Fine. 1014 cone, AorB 100% 
B) Gross cond 
Group A lot 5005 Level S. (2) Per applicable 5005 Class B (2) Sample 
device a aoctficalian _ every lot 













































Group B inspection lot 5005 level S As required 5005 Class B Every 6 weeks 
Group C not applicable 5005 Class B Every 13 weeks 
Group D 5005 level S As required 5005 Class B Every 26 weeks © 
Exrternal visual 2009 100% 2009 100% 





Generic data available 
in lieu of lot quality 
conformance inspection 


(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices—AC parameters are tested on programmed sample. 
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Quality Programs 


The Military Product Division quality system conforms to the 
following Mil-Standards: 


Mil-M-38510, Appendix A, “Product Assurance Program” 
Mil-Q-9858, “Quality Program Requirements” 
Mil-I-45208, “Inspection System Requirements” 


Monolithic Memories facilities in Sunnyvale are certified by the 
Defense Electronics Supply Center (DESC), to manufacture and 
qualify Schottky Bipolar PROMs and PAL circuits in accordance 
with Mil-M-38510 Class B. This certification was a result of a 
successful audit of our production and quality systems to the 


stringentrequirements of Mil-M-38510. Monolithic Memories has 


also demonstrated compliance to the strict requirements of both 
controlled and captive lines connected with special Military pro- 
grams. 


Quality Assurance 


Following 100% screening, the Military Products Division 


samples all products processed in conformance to Mil-Std-883 
Class B, to the following LTPD levels: 


DC 25°C 
DC+125°C 
DC-55° 


Functional at 25°C 

Functional at Temperature Extremes 
AC 25°C 

AC +125°C 

AC -55° 


The Military Products Division ensures outgoing product quality 
and integrity by performing inspection Lot Group A's and B’s per 
Mil-Std-883 Method 5005, conducting self audits in all areas 
involved in screening tests per Method 5004 of MIL-STD-883, 
gating all shipments to our customers, and maintaining a calibra- 
tion control system in accordance with Mil-Std-45662. 


For products requiring programming prior to AC tests, testing is 
performed utilizing MIL-M-38510 slash sheet sample plans. 


Product Qualification/Quality 
Conformance Inspection (QCI) 


The Military Products Division has a quality conformance testing 
program in accordance with MIL-STD-883, Method 5005. Quality 
Conformance Testing provides necessary feedback and moni- 
tors several areas: 


* Reliability of Product/Processes 

* Vendor Qualification for Raw Materials 

¢ Customer Quality Requirements 

* Maintain Product Qualification 

* Engineering Monitor on Products/Processes 
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Standard procedures for new product release specify that Mono- 
lithic Memories’ Reliability Department, as a minimum, conduct 
qualification testing per Mil-Std-883, Method 5005. Once quali- 
fied, each package type (from each assembly line) and device (by 
technology group as delineated in Mil-M-38510) are incorporated 
into Monolithic Memories Quality Conformance Inspection pro- 
gram which utilizes the requirements of MIL-M-38510. 


When military programs do not require that QCI databe run onthe 
specific lot shipped Monolithic Memories Quality Conformance 
program allows customers to obtain generic data on all product 
families manufactured by the Military Products Division. Generic 
Qualification Data enables customers to eliminate costly qualifi- 
cation and destruct unit charges, and also improves delivery time 
by a factor of sight to ten weeks. The following product data is 
available: 


Group B - Package Related Tests 


« QCl is performed every 6 weeks of manufacture on each 
package type. 

¢ Any device type in the same package type may be used 
regardless of the specific part number. 

¢ Purpose: To monitor assembly and device package integrity. 


Group C - Product/Process Related Tests 


* QClis performed every 13 weeks of manufacture, on 
representative devices from the same microcircuit group. 

* Life test data may be used to qualify similar technologies. 

¢ Purpose: To monitor the reliability of the process and the 
parametric performance for each product technology. 


Group D - In-Depth Package Related Tests 


* QCI is conducted every 26 weeks using devices which 
represent the same package construction and lead finish. 

* Any device type in the same package type may be used 
regardless of the specific part number. 

* Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 


Generic Data 


Monolithic Memories’ Generic Data Program is based on MIL-M- 
38510, which allows for shipments based on 26 weeks of cover- 
age for Group C Testing and 36 weeks of coverage for Group D 
Testing. 


Should circumstances arise where generic coverage to MIL-M- 
38510 is not possible, MMI reserves the right to ship product 
based on 52 weeks of generic Group C and/or D coverage per 
MIL-Std-883. 


Process Audits 


Process Audits are performed in accordance with Mil-M-38510, 
Appendix A, (self audits) by the Quality Assurance Department. 
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Customer Material Returns 


In order to better service our military customers who must return 
product to the factory, the Military Products Division has estab- 
lished its own customer material returns department. Our goals 
and policies are outlined below so you may know what to expect 
when returning product to M.P.D. 


Goals 


10 day turn-around to respond to a return. 


* Notification to the customer of any discrepancy relating to 

the return. 

For returns which cannot be validated, a written notice of 

M.P.D.’s intent to return product will be sent to our customer. 

« Product returned to our customer will be accompanied by an 
explanation and/or parametric test data and serialized 
devices. 


Standard Policies 


Product which is returned specifically as electrical failures 
and is not accompanied by test data, will be tested at all 
three temperatures ( -55°C, 25°C, +125°C) 

If no failures found, the product will be returned to the 
customer. 

A device count is done upon arrival of a return at Monolithic 
Memories. Credit will be given only for the number of 
devices received by the factory. 

Product returned by the Franchised Distributor for rescreen 
or stock rotation will be accepted only if proper traceability 
paperwork accompanies each lot of product 

All returns must be sent to 3625 Peterson Way, Santa Clara, 
CA 95051. ATTN: "MPD CMR DEPARTMENT" 


Information Checklist 


The following accompanying a material return will assist us in 
responding to your return in the shortest possible time. 


1. Double check accuracy of device counts. 

2. Identify rejects from good devices, when returned together. 

3. Supply as much detail as you can about the description of the 
electrical failure mode (i.¢e.: AC Fail, DC Fail, FCT Fail, or 
description of any test numbers used). 

4. Whenever possible, identify dissimilar failures or keep sepa- 
rate devices which fail different parameters by serializing 
failures. 

5. Enclose a copy of any data which you may have taken on the 
failed devices (i.e.: Forcing conditions, temperature tested, 
parameter and value, an address that failed). List what was 
expected vs. what was received. 

6. For programmability failures, please send programming 
masters or atruth table. Also please indicate whether single 
or multiple pulse programming was used and the equipment 
device was programmed on. 

. What environmental testing was performed. 

Failure rates. 


on 


Although our intent is that our customers will never have to use 
these guidelines, if a problem should arise, the Military Products 
Division will strive to disposition and respond to your material 
return as thoroughly and promptly as possible. 


Electrostatic Discharge Control 
Procedures , 


The Military Products Division of Monolithic Memories fully 
employs static control procedures throughout its facilities in 
Penang, Malaysia and Sunnyvale, California. 


All manufacturing areas where product is processed or handled, 
including our Reliability Labs, Engineering Labs, etc., have full 
static control such as wrist straps, antistatic smocks, grounded | 
stainless steel tables, conductive mats and ion generators wher- 
ever necessary. 


All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 


In addition, MPD distributors must demonstrate thatthey meetthe 
same stringent standards regarding ESD handling and control 
procedures as the factory. Individual distributor locations are 
audited and approved annually by MPD’s Quality Assurance 
Department. 


An ESD identifier is marked on all products in front of the date 
code, and all shipping containers are labeled with an ESD 
Caution Message. ESD procedures are continually reviewed, to 
ensure that our customers receive only the highest quality prod- 
uct from the Military Products Division. 


Radiation Hardness Program 


1. Radiation Effects 


It has been stated that some level of radiation tolerance will be 
required in up to 50% of all military applications by 1990. Due to 
this increased concern over radiation effects on integrated cir- 
Cuits, the Military Products Division has embarked on a program 
to determine what radiation dose rates our circuits will withstand. 


2. Neutron Irradiation 


We have successfully completed neutron radiation testing on our 
Bipolar processes in accordance with Mil-Std-883, Method 
1017.2. Eleven different device types, which currently represent 
all our Bipolar processes, were parametrically and functionally 
tested at 25°C before and after exposure to fluence levels of 
2x10'2 N/cm?, 1x10'9 N/em?, 4x10'3 N/em?and 1x10" N/cm?. Input 
low current (IIL) is the primary measurement of permanent circuit 
degradation. The parametric failures (IIL > 250mA) seen oc- 
curred at relatively high fluence levels. Also, no major changes 
in ICC were noted for any circuit. 
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The following is a list of the device types tested: 


53S 1681 (2048x8 PROM) 

53RA1681A (2048x8 Registered PROM) 

5383281 (4096x8 PROM) 

S7401A (64x4 FIFO) 

PAL16R4A (High Speed Programmable Array Logic) 

PAL16R4B (Very High Speed Programmable Array 
Logic) 

PALi6R4D (Oxide Isolated Ultra High Speed 
Programmable Array Logic) 

PAL20R4A (High Speed Programmable Array Logic) 

PAL20RA10 (Asynchronous Programmable Array 


Logic) 


All devices passed test limits at 1x10’? N/cm? level, with the 
53RA1681A, 53S3281, and 57401A also passing the 4x10" N/ 
cm? fluence level. In addition, the 57401A passed test limits at 
1x10'4 N/cm? level. 


3. Dose Rate Effects 


Dose rate data has been obtained on our junction isolated Bipolar 
processes. All recovered in 50 to 70 microseconds from a 1 
microsecond pulse of 2x10" rads (Si) per second. 


The products tested were: 


PAL14L8 PAL10L8 
PAL16L6 PAL12L6 
PAL20L10 _ PAL16L8 
PAL20X10 PAL16R8 
PAL20X8 PAL16R6 
PAL12H6 PAL16R4 
PAL14H4 


4. Future Radiation Testing 
Our future test plans include: 

* Total Dose 

¢ Single Event Upset 


« Latch-up and Burn-out. 


Monolithic Memories’ new Bipolar and CMOS processes will be 
radiation tested after production release. 


Detailed neutron and dose rate radiation datais available fromthe 
Military Products Divigion. 





3-12 


Military Specialty Memory 








JAN 38510 and STANDARD MILITARY DRAWING PROGRAM 


STANDARD MILITARY DRAWING NUMBERING SYSTEM 
81035 01 L A 








DRAWING NUMBER FOR LEAD FINISH 
PRODUCT FAMILY A =Hot Solder Dip 
81035 = Small 20 Pin PAL Devices X = Any Lead Finish 
81036 = Med. 20 Pin A, A-2 PAL Devices 
84129 = 24 Pin A, XA, A-2 PAL Devices PACKAGE TYPES : 
85065 = Medium 20 Pin A-4 PAL Devices K = 24 Lead 3/8" x 5/8" Cerpack 
5962-85155 = Medium 20 Pin, B, B-2 and D PAL Devices L = 24 Lead 1/4” x 1 1/4" SKINNY DIP 
*** 5962-86803 = 24 RA Pin PAL Devices : R = 20 Lead 1/4" x 1 1/16" DIP 
*** 5962-86804 = Small 24 Pin PAL Devices S = 20 Lead 1/4” x 1/2" Cerpack 
*** 5962-87671 = 24 Pin B PAL Devices : 2 = 20 Terminal .350 x .350 LCC 
3 = 28 Terminal .450 x .450 LCC 
DEVICE TYPES 
*** SMDs Being Generated 
JAN PART NUMBERING SYSTEM 
JM 38510 / 503 01 BRA 
JAN DESIGNATOR LEAD FINISH 
Part cannot be marked with a A =Hot Solder Dip 
“J” unless qualified and approved X = Any Lead Finish 
for listing on QPL. 
PACKAGE TYPES 
GENERAL PROCUREMENT R = 20-Lead 
1/4" x 1 1/16" DIP 
REFERS TO DETAILED SPEC L = 24-Lead 
503 = Programmable Array Logic . 1/4" x 1 1/4" SKINNYDIP 
504 = Programmable Array Logic 2 = 20-Terminal 
505 = Programmable Array Logic : 0.35 x 0.35 LCC 
‘3 = 28-Terminal 
0.450 x 0.450 LCC 





DEFINES DEVICE TYPES 


PROCESSING LEVEL 
Class B 


PART NUMBER INTERPRETATION: 
When ordering to JAN 38510 and Military Drawing numbers, the lead finish designator (last letter in part number) is commonly called 
out as "X". This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. "X" is 
not a lead finish designator in itself, therefore, when product is shipped, the actual lead finish designator will be marked on the devices. 





Military Standard FIFOs 64x4 64x5 
Cascadable & Standalone Memory 


C57401 C57401A C57402 C57402A 





57401 57401A 57402 57402A 

Features/Benefits Description 

* Cholce of 7 or 10 MHz shift-out/shift-In rates The C/57401/1A and C57402/2A are “fall through” high-speed 
* Choice of standalone or cascadable devices First-In First-Out (FIFO) memories organized 64 words by 4 bits 
* Cholce of 4-bit or 5-bit data width and 64 words by 5 bits respectively. FIFO word width and depth 
* TTLInputs and outputs are expandable on cascadable devices. Standalone devices are 
« Cascadable devices readily expandable in the word and expandable in word width only. 


bit dimensions. 

Standalone devices expandable In the word dimension 
only 

Structured pinouts. Output pins directly opposite corre- 
sponding Inputs pins 

Asynchronous operation 

Dose rate (translent upset) Junction-Isolated bipolar 
process 2x10 RADs (Si)/s recovery time of 50 to 

70 ps from a 1 1s pulse 

Neutron fluence (permanent damage ): 1x10 N/cm? 






Ordering Information 
MIL-M-38510 |CASCADABLE/ 


PACKAGE 
PART NUMBER TYPE CASE OUTLINE | STANDALONE oe. 


Bee | J | Ceramicdip | eee 
L te Leadless: a Carrier 


eZ 


cL nae Leadless ae Carrier 
57402 7 MHz 64X5 FIFO 
L a ‘Leadless — Carrier 
10 MHz 64X5 FIFO 


57402A 
L = Leadless wa Carrier 
C57401 7 MHz 64X4 FIFO 
L (20) Leadless Chip Carrier Cascadable 
Ceramic Di ae Cascadable 
re oy eae oe id eanees 
| Lo) pee Leadless Chip Carrier cal a Cascadable 
| J | Ceramic | Ceramic Dip | | GeramicDip = | 2: Cascadable 
057402 7 MHz 64X5 FIFO 
L — Leadless Chip Carrier | Leadless Chip Carrier | C2 Cascadable 


Ceramic Di Bee | Cascadable 
sida ae iS nae onereS 
L (20) Leadless Chip Carrier | oe Cascadable 




























605012 





10675A/1 
May 1988 
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C57401/A C57402/A 57401/A 57402/A 





Block Diagrams 


57401 
S7401A 
C57401 

CS57401A 


62 X 4 BIT 
REGISTER 


OUTPUT 
CONTROL 


MASTER RESET 
57402 
57402A 
C57402 
C57402A 

Do 
Dy 
1 Do 
D3 





















INPUT 
REGISTER OUTPUT 

READY CONTROL CONTROL 

SHIFT LOGIC LOGIC 


MASTER RESET 





505 127 





ge SESS SS FSS STS SC PS TS ET SE PPI SES ATE IE SIE EE TA 
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C57401/A 


C57402/A 


57401/A 57402/A 





Pin Configuration 


505 129 








57404 


S7401A 

cs7401 

c57401A = fia} o1 

OUTPUTS 


19] MASTER RESET 


57402 115} Oo 
574028 Foy 


€57402 
€37402A = fis}. o2_ } OUTPUTS 


MASTER RESET 


INPUT SHIFT 
READY OUT 


NC NC VCC 





D3 GND MR 03 NC 


INPUT SHIFT 
READY OUT 


NC NC vCC 





D4GNDMR 04 NC 
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C57401/A C57402/A 57401/A 57402/A 





Absolute Maximum Ratings* 


SOUP DIY VON AGO Vaasssssietaatsehedcacsnsceipstuctsedbersssucous cauesuteidonqucdeveilvsaescvaugds ol canoes a¥asscoidehuareacesacheashiaetasinasbuesasiugeibuanaicetanaee -0.5Vto7V 
INPUT VON AGO wscscasacevesstsceessstcicvssievecteacsossdvasactucsachi cunudeatocsecdusucesoisckstyaausyasunsdasusebdccscesatabconcaluas@oceesuasatdeseueaesaascivasascesaucveses -15Vto7V 
Off-state OUtpUt Voltage an ..ccssensssiiecccasasecesesceacacitestuxscensdeusvseacudupsossts seuselescsesaeuesas dudeees ewe 0Glosbadeetsnagcaceucsdesweceasenartccushatsanes 0.5 Vto5.5V 
Storage tOMPSrature i. ccicevecssescssdacvcens snevssacedeGousesuehessccueabsduusssesssasaades ialei aso voadescehscucash avaseaneyosnvsvaseeundcdeaceuosueub suse dasase —65°C to +150°C 
“Note: : 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions 574012 


iz 5 5. V 


pe eee 
re 
Tied [Sit OwICHine 
Tae | SH ORLOW ine 
in| Haber eantpbem 
ee 


* Instant-On Case Temperature. 
** tuns is measured on initial characterization lots only and is not directly tested in production. 





505013 


Switching Characteristics 57401/2 Over Operating Conditions 


a eee ee 
ee _ [Sits eurReastow 
[iin 
har [Sours i 
a 
Tat St Ou Oupu Rosa GH 
| Oupe Oa Ht rovus we) 
[Saou Oae Si rower) 
ee oc 
i _[WaserRestioORLOW 
am [Maser Resto GH 
tne Weenie RIG 
Tx [ouput Roe poke nich 


t See AC test and high speed application note. 





505014 
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C57401/A C57402/A 57401/A 57402/A 





Absolute Maximum Ratings* 


SUDPIY VORAIG Vi sa covtvevesssnstcvnsprocvecevnvsnvsnnacsnseostasceanoitevwanessivewvesvoat vssobesev on uugutdonstsiesianess didi ptavinyneealeedysuasdeneaysunaeneavse ‘eeee0.5 Vito 7V 
INPULVOMAGG sicscistcetivcssesisesscessovsescentacoscivcteutssescesenvencaas coavessdecsseacsetiesvetsnosedcen dnideshosnbhsunestess'sessatscesuiedes teusbsncsrsseansessaet¥ersitese -15Vto7V 
Offsstate: output Voltage: vice. Jicscssasdeacesasescecscevarssessoosonnacesbegctasaseascedaadensnedscvadssnlineddscascyottevesaivetoess soit seisstecsgiedeedesoscstaecad 4°05 V to 5.5 V 
StOrAage TOM POrAtUrG si. cF. is sac) scetsensscusescesbcececsestcssus snpessebaszeaucsvacdidceseousncstde seusavceseeesveseqeesvecsoaseanevacesueasoetvessaes seatecdensacst ~65°C to +150°C 
*Note: : ; 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 


for extended periods of time may affect reliability. 
MILITARY 
MIN MAX UNIT 


Operating Conditions 57401A2A 

















a 
A 


* Instant-On Case Temperature. S , 
** tugs is Measured on initial characterization lots only and is not directly tested in production. 








505015 
Switching Characteristics 57401A/2A Over Operating Conditions 


MILITARY 
SYMBOL |. PARAMETER : MIN MAX || UNIT 


OO 
2 
[ai [shitinoipareasynnae TT 
FF 
int [StOatwomameutow PT 
[Sita OutfoatynGH | 
on [Oupu Daal Goiuwwed PS 
ee Co Pe 
i | athe timug — races ast a 

ca 

a a 

or eae ae 

Dera ese! 





















eo 
meats 
[Reg [assorPosctoomtow TS = 
ines _[MastrReestwiRHIGR Toe 
ime tal pabonIGH Ce 
on [OuputRoedrousenieh Td = 


t See AC Test and high speed application note. 





505016 
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C57401/A C57402/A 57401/A 57402/A. 





Absolute Maximum Ratings* 


MAUI PIY VOU AGG V1. icc ascssi secs oquceasastrouessunsdennstposasines cestata asuntedynetisbe teases vocauibossisbsatasunvennpeaiecssddteaspistuecsasbunvssesssaiianve vee 0.5 Vito 7 V 
Input VOItage .........cscsessssescesessesersers sina cebisssoseavedeshesasaasstceus'ssesensaeiWooveuvescssisecs'cadceseiesesduaseutsessd ofsesisnsscsevdussecloguer=cebestecobupee -15Vto7V 
Of -State OULDUE VOM csscccazastavestevineerinsnss cxpeadeseansvsaveat seaansencnensnasdaceunnvanvoopsteasavaonsvarssoteiantelokeanvedlunaumeernantauceaenceesereOO WV 10.9.0. V. 
SIOFAGS TOMPSLALUTO ss sississseseescovevsssesdesssoncssvusosv seats veasseanteiasisusedsacosebaneeedueseseiansyasbtedeuasdecvabnceSiaas dobesodteasdsdebesneceisauteees -65°C to +150°C 
“Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. fee 4 


Operating Conditions c57401/2 





* Instant-On Case Temperature. 
** tun is Measured on initial characterization lots only and is not directly tested in production. _ - 


505017 


Switching Characteristics ©57401/2 Over Operating Conditions - 










Shift In to Input Ready HIGH 


Shift Out to Output Ready LOW 4 PS 
Shift Out to Output Ready HIGH a aa 


tat 
ta 
four 
tons’ 
ton” 


[MaserFowtooniow SiS 
Se 
a 
Pe 


t See AC test and high speed application note. . on “s 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. 








505018 
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C57401/A C57402/A 57401/A 57402/A 





Absolute Maximum Ratings 


SUD PIY VONMAGO, (Vs sosesanssnscssgniedecstenecvrasevaseaseuvapacvnualeausnaiasisisuiisbatossasvon uanbesatuidebwinydes eaydeestssteiteevonanueoenigact oimsuyrensvainisenbentte -0.5Vto7V 
IAPUt VOIBAGO cc csecessevivecsaies ccedensivensaadsassccssbss tases svdecdudvsnclsatsessceatectessanisteestacedeatesbssseusbevasatebaentadvsaiessuadseealiaestesedisverveasedsseseneds -15Vto7V 
Olf-stata OUtPUt VORAGE so xisccee scccecvecsssivesccdeossiccsscdsensebiseosdsnnividedsosteiccesetossdiesoteces sasdaddesdeceustsacecedassssiesduseddaceiebneczssaavuasead -0.5Vto5.5V 
StOraga TOMPSFAUre vacsssidescicccssessessevssacesssisgssnnsssvieveseevensasescesasustedssasseuscanssesed svsstesnsstaisensetdecseses stevaasdsoncesdeassecsetertesecs —65°C to +150°C 
“Note: 7 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those Indicated in the operational sections of this specification Is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions c57401A/2A 






a 
es ae ee Re 
a 
sinintowiing TS 

fmpwdsinceup SSCS 
fhpwtaniatowine Yi 
fsinownicHime TST Ci 
fsinowwowime PSY Ci 


Master Reset pulse 


[ir ae a 
2 emcees aan anid ae Ce 


* Instant-On Case Temperature. 
** tugs is Measured on initial characterization lots only and is not directly tested in production. 
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Switching Characteristics C57401A/2A Over Operating Conditions 


MILITARY 
SYMBOL PARAMETER MAX UNIT 


eee 
et [Sitinepttaesyiow Sd 
a 
tor [Stour 
Tat [Sinonwowarewiow dT 
tes | Sitti Ouparesdy GH Tie 
aed re 
mom oa 



























a eee AIC 
[SupOwatod povouswed A 
[Cuputaesintvonver) iY 
Dasthoumuer‘aiiwouw TT e 
en [MoserRecoiwontow 
ne 
a (ae ee 
a nee ee 






a Master Reset to IR HIGH 
he Input Ready pulse HIGH 
tees Output Ready pulse HIGH 


t See AC test and high speed application note. 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. 


§05020 
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C57401/A C57402/A 57401/A 57402/A 





Test Load for All Devices 


5V 
5602 

; TEST POINT * 
Input pulse 0 to 3 V. 3 
Input Rise and Fall Time (10%~90%). 1.1KQ 30 pF 
5 ns minimum. : 
Measurements made at 1.5 V. 

*The “TEST POINT" Is driven by the output under test, pen ASS 


and observed by instrumentation. 


Electrical Characteristics Over Operating Conditions For all Devices 


SYMBOL PARAMETER TEST CONDITIONS 

















Low-level input voltage 


| Vy _| High-level input vottage eae a ee ee eal 
| vy, | Input clamp voltage Veg = MIN | =-18mA 


D-D,.MR ~0.8 | mA 








ke | Low-level input current sso 
mes High-level input current Veg = MAX V,=2.4V HA 





asnominitouent | Ve AX WessV | t'| 
Og 
[oupstancicitcuent | Var WAK —WyrdV [20-0 | oA 
[erat 
7 
[sree [0 
[—esraoia [| 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
t These are absolute voltages with respect to device GND (Pin 8 or 9) and includes all overshoots due to test equipment. Do not 
attempt to test these values without suitable equipment. 







Supply current 







Inputs low, 






outputs open. 


505021 
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C57401/A C57402/A 


57401/A 57402/A 





Functional Description 


Data Input 


After power up the Master Reset is pulsed low (Fig 8) to prepare 
the FIFO to accept data in the first location. When Input Ready 


(IR) is HIGH the location is ready to accept data from the D, inputs. 


Data then present at the data inputs is entered into the first 
location when the Shift In (S!) is brought HIGH. ASI HIGH signal 
causes the IR to go LOW. Data remains at the first location until 
Slis brought low. When SI is brought LOW and the FIFO is not 
full, IR will go HIGH, indicating that more room is available. 
Simultaneously, data will propagate to the second location and 
continue shifting until it reaches the output stage or a full location. 
The first word is present at the outputs before a Shift-Out is 
applied. If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
call to the adjacent (downstream) empty cell is automatic, acti- 
vated by an on-chip control. Thus data will stack up at the end of 
the device while empty locations will “bubble” to the front. t,, 
defines the time required for the first data to travel from input to 
the output of a previously empty device. 


Data Output 


Data is read from the O, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. AHIGH signal 


Life Test/Burn-In Circuits 


Complies with Mil-Std-883 Method 1005/1015, Condition D. 


57401 57402 
57401A 57402A 
C57401 C57402 

C57401A C57402A 





505 134 


hono 


at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. Ifthe FIFO is emptied, OR stays LOW, and O, remains as 
before (i.e. data does not change if FIFO is empty). Input Ready 
and Output Ready may also be used as status signals indicating 
that the FIFO is completely full (Input Ready stays LOW for at 
least t,,) or completely empty (Output Ready stays LOW for at 
least t,,). ; 


AC Test and High Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is crucial 
to correct operation as the FIFO will respond to very smallglitches 
due to long reflective lines, high capacitance and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 pF directly between V,,. and GND with very short 
lead length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift-In- 
Input Ready combination, as well as the Shift-Out-Output Ready 
combination, timing measurements may be misleading, i.e. rising 
edge of the Shift-In pulse is not recognized until Input-Ready is 
High. If Input-Ready is not high due to too high a frequency or 
FIFO being full or affected by Master Reset, the Shift-In activity 
will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input Data 
Time (t,,,,) and the next activity of the Input Ready (t,,) to be 
extended relative to Shift-In going High. This same type of 
problem is also related tot,,,,, to, and t,,,, as related to Shift-Out. 


Treient = 125° C 

Veg = 5.25 + 0.25 V 

Square wave pulses on AO to Ag are: 

. 50% + 15% duty cycle 

. Logic “0” = -1 V to 0.7 V 

. Logic “1” = 2.4 V to V., 

. Frequency of each address is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
6.g., AO = 100 kHz i 

-A1 = 50 kHz + 10% 
A2 = 25 kHz + 10% 
An = 1/2 An-1 + 10%, ete. 
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C57401/A C57402/A 57401/A 57402/A 





1/f in 


605 136 





SHIFT IN 


INPUT READY 





VV VV YY VY VY VY 
INPUT DATA XX XX XKKXX /\ XXX XX XXX XXX 
@ Input Ready HIGH indicates space Is avallable and a Shift-In pulse may be applied. 
@) Input Data Is loaded Into the first word. 
® Input Ready goes LOW Indicating the first word Is full. 
® The Data from the first word Is released for “fall-through” to second word. 
€A) The Data from the first word is transferred to second word. The first word Is now empty as indicated by input Ready HIGH. Es 
If the second word Is already full then the data remains at the first word. Since the FIFO Is now full input Ready remains low. §05 137 
NOTE: Shift in pulses applied while Input Ready ls LOW will be Ignored (See Figure 3). 





Figure 2. The Mechanism of Shifting Data Into the FIFO 


SHIFT OUT 





On 


SHIFT IN 





INPUT READY —_{1) ie ti— 
XXXXXXKAAXK AAA 


G FIFO Is initially full. 

® Shift Out pulse is applied. An empty location starts “bubbling” to the front. 

@® Shift in is held HIGH. 

® As soon as Input Ready becomes HIGH the Input Data Is loaded into the first word. 

©) The Data from the first word is released for “fall through” to second word. iets 





VYVYVY 
A IVA AVA 





INPUT DATA STABLE DATA ———, 





xX 


Figure 3. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH 
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C57401/A C57402/A 57401/A 57402/A 





SHIFT OUT 


OUTPUT READY 





OUTPUT DATA C-DATA 


XXX 


@ The diagram assumes that at this time words 63, 62, 61 are loaded with A, B, C Data respectively. 
505 139 @ Data is shifted out when Shift Out makes a HIGH to LOW transition. 


Figure 4. Output Timing 
SHIFT OUT 
OUTPUT READY 


OUTPUT DATA 





@ Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 

@) Shift Out goes HIGH causing the next step. 

@) Output Ready goes LOW. 

® Contents of word 62 (B-DATA) is released for “fall through” to word 63. 

6A Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
505 140 NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored (Figure 7). 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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C57401/A C57402/A 57401/A 57402/A 





SHIFT IN 


SHIFT OUT 


: a tpt 
OUTPUT READY Pp 





topy 


505 141 


@ FIFO Initially empty. 


Figure 6. t,, and t,,,, Specification 


SHIFT OUT \ 


yn IIIA 
caro TD (00100000 


@) Word 63 is empty. 
,. @ New data (A) arrives at the output (word 63). 
® Output Ready goes HIGH indicating the arrival of the new data. 
@ Since Shift Outis held HIGH, Output Ready goes immediately LOW. 3 | 
® As soon as Shift Out goes LOW the Output Data is subject to change poe Ne 
as shown by the dashed line on Output Ready. . 


OUTPUT READY 





Figure 7. Data ls Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 


MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 


@) FIFO initially full. 





505 143 


Figure 8. Master Reset Timing 
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C57401/A C57402/A 57401/A 57402/A 








INPUT READY INPUT READY 
SHIFT IN SHIFT IN 
DATA nf jou OUT 
505 144 MASTER RESET o 


Figure 9. Cascading FIFOs to Form 128X4 FIFO with C57401/A 


Cascadable FIFOs can be easily cascaded to any desired length. The handshaking and associated timing between the FIFOs are 
handled by the FIFOs themselves. 


SHIFT OUT 
COMPOSITE 
PLT COMPOSITE 
READY OUTPUT 


READY 


SHIFT IN 


505 145 





MASTER RESET 


Figure 10. 192X12 FIFO with C57401/A 


Cascadable FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate 
composite Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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Military Low Power FIFOs 
64x4 64x5 Memory 


12 MHz (Standalone) 
57L401D 57L402D 57L4013D 


Conforms to Mil-Std-883, Class B 

















Features/Benefits . ‘Description 
¢ High-speed 12 MHz shift-In/shift-out data rates 
¢ Low power consumption The 57L401D/2D and 574013D are ‘“fall-through” high-speed 
¢ Cholce of 4-bit or 5-bit data width - First-In First-Out (FIFO) memories organized 64 words by 4 bits 
* TTL inputs and outputs and 64 words by 5 bits. These FIFOs are expandable in word 
¢ Readily expandable In word width width. The FIFOs are attractive for many applications such as 
¢ Structured pinouts. Outputs pins directly Opposite cor- disk controllers, communication buffers, rate buffers, etc. They 
responding Input pins feature high-drive (|,, = 12 mA) outputs. The 57L4013D features 
* High-drive capability: three-state outputs. 
¢ Asynchronous operation _ 
*. Dose rate (transient upset) junction-isolated bipolar . . 
process 2x10'° RADs (Si)/s recovery time of 50 to Ordering Infor mation 
70 ps from a 1 ps pulse 57L 4013 J /883B 
¢ Neutron fluence (permanent damage): 1x10"? N/cm? 
; TEMPERATURE CODE PROCESSING 
BI Dj ; ; 57 =-55 °C TO 125 °C /883B = MiL-STD-853, RevC 
LOW POWER 
ock iegrem FIFO FAMILY sieence 
PART NUMBER eG Dp 
bo ©0 505 166 
e OUTPUT TYPE 
D2 Blank = Totem Pole 
D3 3 = Three State 
(D4)* _ 
INPUT 
READY 
SHIFT IN 
MASTER 
RESET 
*57L402D 
505 167 
Device Pinouts . 
57L401D | (S7L402D00 '  §7L4013D 
Nc [1] 16] voc 
READY SHIFT OUT 
SHIFTIN [3] Belov 
po 13] Oo 
D1 
ay OUTPUTS 
2 
D3 10] 03 
MASTER 
Ne RESET 
505 168 
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Absolute Maximum Ratings* 


Supply voltage, V,, FEES MOT ER UTE NRE RMR ERTOE NER Tr ne Sete NS soeistes eaten ss -0.5Vto7V 


Input voltage range Las as Gidaxssisde au shaios avai dvases aes vancuceenbae nadeteo use aaacOae sev gaanate eaconennualisemueanel sesnesesienven -1.5Vto7V 
Offestata OUtPUL VONAGE: f5.cossczisscscsasscsccecsesesssusesvoecstoesnsaeoudetoedbcsabceeacoutesodnuasessidbeuaiessssoeciboesieeioasadedbecosasscducetietueecasaesd -0.5Vto to5.5V 
Storage temperature .............. dev eaedbesesssivedeceedeselesecuhsshgsnatsed shedbeshVaavansbbacetesdsiveod aaawnssdnasdocuuavdesdeasubendossaseieccudessevassaces —65°C to +150°C 
*Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions 







Re See 
a a 
a 
netcuacouposrennny 
[neu diatedinewe sient) Sd 
noweaaseupioRtrearee) | 
Tinaaiatokineie Rear) Sd 
a 
En 
smoniiiine —SC*dC 
ae a 
Eze 
Les 
aaa 
fae 
eed 
ee 







tnewe are absolute voltages with respect to the ground pin on the device 

and include all overshoots due to system and/or tester noise. 

Do not attempt to test these values without suitable equipment. 
** Ifthe FIFO is not full (IR HIGH) MR LOW forces IR LOW, followed by IR returning high when MR goes high. 
*** ta, is measured on initial characterization lots only and is not directly tested in production. 
t See AC test and high-speed ee note. 
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Electrical Characteristics Over Operating Conditions 


Tevweou | PaRaweren _—_—=«|~—~=~CSTESTCONDITIONS «MN WaX [UN 

2 

Th [lewiovtinputcurent ___‘(M=Wax | Vwoasv | —-250*| wa | 
: 


Low-level output voltage 


High-level output voltage 











<= 
8 
a 
= 
= 
ge \e~ 
u u 
oS |x 
3 
3 
* |> 





pA 
Supply current Veg = MAX All inputs low. All outputs open. 


+ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


Standard Test Load* Three State Test Load* 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 
Input Rise and Fall Time (10% — 90%) = 2.5 ns 
Measurements made at 1.5 V 


505 107 f $2 


*Equivalent test loads may be used for automatic testing. 
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Switching Characteristics Over Operating Conditions 


Shift In | to Input Ready HIGH a 
Shift Out T to Output Ready LOW 
Shift Out | Output Ready HIGH 
Output Data Hold (previous word) 
Output Data Shift (next usta) 

Data throughput 

Master Reset J to Output Ready LOW 

Master Reset T to Input Ready HIGH 
to Master Reset J to Input Ready LOW 

Master Reset | to Output LOW 

Input ready pulse HIGH 

Output ready pulse HIGH 

Output ready T to Data Valid 


Output disable delay ($7L4013D only) 
tat Output Enable Delay (57L4013D only) 


t See AC test and high-speed pplication note. 
* Ifthe FIFO is not full (IR HIGH), MR LOW forces IR LOW, followed by IR returning high when MR goes high. 
** Actual test limits may be different to compensate for ATE. 505029 







ot 








c 


| 


OUTPUT ENABLE 













WAVEFORM 1 $1 CLOSED 
$2 OPEN 
tpzH 


$1 OPEN 
S2 CLOSED 


WAVEFORM 2 
“15V 


$1 AND 
$2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is low 
except when disabled by the output control. ° 


Waveform 2 is for an output with internal conditions such that the output is s high 


except when entree by the output control. 
505 171 


Figure A. Enable and Disable (57L4013D Only) 
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Military Case Outlines 


| CONFORMS TO 
PACKAGE OUTLINE MIL-M-38510 
APPENDIX C 





Burn-In Circuitry 
Dynamic Burn-In 
57L401D | 57L4013D 57L402D 


vcc 


no — 


3 
4 
5 
6 
7 
8 





505 172 





Tntient = 129°C 

ve = 5.25+0.25 V 

Square wave pulses on AO to A8 are: 

1. 50% + 15% duty cycle 

. Logic “0” =—-1 Vto 0.7 V 

. Logic “1” = 2.4 V to V,, 

. Frequency of each address is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
6.9. AO = 100 kHz 

Ai = 50 kHz+ 10% 
A2 = 25 kHz + 10% 
An = 1/2 An—1 + 10%, etc. 


& wh 
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Functional Description 


Data Input 


After power up the Master Reset is pulsed low (Figure 8) to 
prepare the FIFO to accept data in the first location. Master reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from the D inputs. Data then present at the data inputs is entered 
into the first location when the Shift-In (SI) is brought HIGH. An 
SI HIGH signal causes the IR to go LOW. Once data is entered 
into the first cell, the transfer of data from any full cell to the 
adjacent (downstream) empty cell is automatic, activated by an 
on-chip control. Thus data will stack up at the end of the device 


while empty locations will “bubble” to the front. t_,definesthetime ~ 


required for the first data to travel from input to the output of a 
previously empty device. When Slis brought LOW and the FIFO 
is not full, IR willgo HIGH, indicating more room is available. Ifthe 
memory is full, IR will remain LOW. The FIFO should always be 
cleared by using master reset. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided the upstream stage has valid data, is shifted to the 
output stage, OR goes HIGH. If the FIFO is emptied, OR eae 
LOW and Data output will not be valid. 





SHIFT IN 


Input Ready and Output Ready may also be used as status sig- 
nals indicating that the FIFO is completely full (Input Ready stays 
LOW for at least t,,) or completely empty (Output Ready stays 
LOW for at least t,, ). 


' AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing utilized 
within the design. The internal shift rate of the FIFO typically 


exceeds 20 MHz operation. Device grounding and decoupling is 


crucial to correct operation as the FIFO will respond to very small 


‘glitches due to long reflective lines, high capacitances and/or 


poor supply decoupling and grounding. We recommend amono- 
lithic ceramic capacitor 0.1 F directly between V,,and GND with 
very short lead length. In addition, care must be exercised in how 
the timing is set up and how the parameters are measured. For 
example, since an AND gate function is associated with both the 
Shift-In-Input-Ready combination, as well as the Shift-Out-Out- 
put-Ready combination, timing measurements may be mislead- 
ing, i.e., rising edge of the Shift-In pulse is not recognized until 
Input Ready is HIGH. If Input Ready is not high due to (a) too high 
afrequency, or (b) FIFO being full or effected by Master Reset, the 
Shift-In activity will be ignored. This will affect the device froma 
functional standpoint, and will also cause the “effective” timing of 
Input Data Hold time (T,,,,) and the next activity of Input Ready 
(T,_,) to be extended relative to Shift-In going HIGH. This same 
type of situation occurs with T,,,, and T,,,, as related to Shift-Out. 
For high-speed applications, “proper grounding technique is 
essential. 


505 174 


Figure 1. Input Timing 
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Qn 















SHIFT IN 
INPUT READY 
wweuroata XK X)— staat oata—eX XX XXX KX AARK ARRAY 


@ Input Ready HIGH indicates space Is avallable and a Shift-In pulse may be applied. 
@) Input Data Is loaded Into the first word. The Data from the first word Is released for “fall through" to second word. 


® Input Ready goes LOW indicating the first word Is full. 
@® Shift-in golng LOW allows Input Ready to sense the status of the first word. The first word Is now empty as Indicated by input Ready HIGH. 


® If the second word is already full then the data remains at the first word. Since the FIFO Is now full Input Ready remains low. 
505 154 Note: Shift-in pulses applied while Input Ready Is LOW will be ignored (See Figure 3). . 


Figure 2. The Mechanism of Shifting Data Into the FIFO 


SHIFT OUT 
SHIFT IN 


INPUT READY Q 


nvuroma. SEXXX KN KKRKN KKK sar oatn — A XTXKKNK 





@ FIFO \Is initially full. 
® Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
@) Shiftin Is held HIGH. 


505 175 As soon as Input Ready becomes HIGH the Input Data Is loaded into the first word. 


Figure 3. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH 
SHIFT OUT 
OUTPUT READY 


OUTPUT DATA 





@ The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 


505 176 @ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO ar both high together. 


Figure 4. Output Timing 
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SHIFT OUT QL g 


j anes 
OUTPUT READY uae SG) So 
OUTPUT DATA | : ADATA me eee B-DATA 


@® Ouput Ready HIGH Indicates that data is available and a Shift-Out pulse may be applied. 
® Shift-Out goes HIGH causing the contents of word 62 (B-DATA) to be released for fall through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 
@ Output Ready goesLOW. 
@ Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes Invalid. 505 177 


Figure 5. The Mechanlsm of Shifting Data Out of the FIFO 


SHIFT IN 


SHIFT OUT Q 
OUTPUT READY po, 


@ FIFO ts initially empty ~ eo 505 178 
@® Shift Out held HIGH. 






Figure 6. t,, and t,,,, Specification 


OPH 


SHIFT OUT Sena men ee ee 
aan ee ee LLL 
caro KXKKKRRRERE 


(@) Word 63 is empty. 
@) Output Ready goes HIGH indicating arrival of the new data. 
(3) New data (A) arrives at the outputs (word 63). 
® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 
© As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or Low s: 
depending on whether there are any additional upstream words In the FIFO. ; ; 505 179 


Figure 7. Data Is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 





3-34 


57L401D 57L402D | 57L401 3D 





MASTER RESET 


tuRW 


INPUT READY oe 
\p iad 'MRIRH 
OUTPUT READY r— 
tMRORLE == ae 


SHIFT IN 






DATA OUTPUTS 
turo—>| 
505 180 @ FIFO!s initially full. 

Figure 8. Master Reset Timing 
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Military First-In First-Out (FIFO) | 
64x5 Memory 


25 MHz (Standalone) 57413A 


Conforms to Mil-Std-883, Class B 





Features/Benefits 


High-speed 25 MHz shift-in/shlft-out rates 
High-drive capability 

Three-state outputs 

Half-Full and Almost-Full/Empty status flags 
Structured pinouts, Output pins directly opposite 
corresponding Input pins 

Asynchronous operation 

TTL-compatible Inputs and Outputs 

Dose rate (transient upset) junction-isolated bipolar 
process 2x10'° RADs (SI)/s recovery time of 50 to 
70 us from 1 ws pulse 

Neutron fluence (permanent damage): 1x10" N/em2 


Ordering Information 


57413 A J /883B 


TEMPERATURE CODE 
57 =-55 °C TO 125 °C gr > 
PART NUMBER Class B 
SPEED PACKAGE _ 
A= Enhanced J = Ceramic Dip 


Block Diagram 


505 146 


peaister | —__ 
if: 


D1 
D2 
D3 
D4 


INPUT READY. 
SHIFT IN 


REGISTER 
CONTROL K > 


LOGIC 





Description 


The 57413A is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at a 25 MHz input/output rate. The data 
is loaded and emptied on a first-in-first-out basis. It is a three- 
state device with high-drive (|,, = 12 mA) data outputs. This 
device can be connected in parallel to give FIFOs of any word 
length. It has a Half-Full flag (thirty-two or more words full) and 
an almost full/empty flag (fifty-six or more words or eight or less 
words). The main applications of the 57413A are rate buffers; 
sourcing and absorbing data at different rates. Other applications 
are high-speed tape and disk controllers, data communications 
systems and plotter control systems. 


Pin Configuration 







OE [1] 20] VCC 
HALF FULL | 2] 


INPUT READY [3 | SHIFT OUT 
SHIFT IN OUTPUT READY 
DO 116] Oo 
D1 15] O14 
AYR {2 a 02 | OST 

D3 13} 03 

D4 12] 04 
GND 111] MASTER RESET 505 147 


SHIFT OUT 
OUTPUT READY 


ALMOST FULL 
EMPTY 
505 148 
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Absolute Maximum Ratings* 


SUPPIY VONAGG), Via satevss aivsusesrnueuciesssnccaacestosewnassestueknasonse cis saieaustusadsuscanasthssensausaslagadusneasasaduatendyssndvasessbdecsassabepesesbanisnspebsniean’ 0. 5Vto7V 
Input Voltage range cesses a asin pvc aoan ca cape oe bs ocd eens eossss vat p usb icon eciwn andere eau van ub dcecasea Ou cnsvonsel ueceuuoouauaes Pepsiobsavtoneea -15Vto7V 
CH -StSUG OUNOUE VOM see ssu tics sessed uci cst ecasiec czcctcals vanes Roaduelev en coceatun atessaves cA Gada eae gaeotane Intaaa desta auieteauaaieeees -0.5Vto to5.5V 
Storage tompPOrature savcceseccssssveseseausscssseceisedensons evaode seseneasesisi stedoecaceceanaeees seseddosscaceoucdeaUedsevedevecesegeucs su soeeevnsta ects bssems ates -65°C to +150°C 
“Note: : 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 


Operating Conditions 


rerio. —__pwweren——S*dC | 
ON 
asinine 
Ta [sitintowiine 
a 
= ae A A EA 
a 
Te [Siottowiine 
a 
22a. aera hee San S_ Sema EN 
Be RE PST RSF 

EI 
A aR Ce 
a 


* These are absolute voltages with respect to the GND (Pin 10) and includes all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

** tuns iS measured on initial characterization lots only and is not directly tested in production. 

tSee AC test and high speed application note. 
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Conforms to MIL-STD-883; Group A, Subgroups 1, 2, & 3. 
Electrical Characteristics Over Operating Conditions 






Vo Veo V 

















Py Output short-circuit 
current 


ices Aaa! current 
Wav ace 
Ee Supply current ec = MAX, inputs low, outputs open 


* Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. 
** See curve for I, vs. temp. 
t Care should bet taken to minimize as much as possible the DC and capacitive load on IR and OR when operating 

at frequencies above 25 MHz. 





505023 


Switching Characteristics Over Operating Conditions Conforms to MIL-STD-883; Group A, Subgroups 9, 10, 11. 





Pe 
FsnminTompurassyiow P| 
[shit nbc Ready nich Sd id OSC | 
a 
tat | Sito womarmiow it 
ta? shtout So OupatroatyHicH |e iS 

+ [ovondaatiservowwrd | «| 


ee 
[tows | ae sees | anaes 
ee ell Ee ee 
ia [Waterss ooupuineny tow if 
tees as re a ay 
Paper ae |e ae 
areas aa cies RE 



















Master Reset T to Input Ready HIGH 
Master Reset | Input Ready LOW 


Master Reset J to Outputs LOW 


* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
t See AC test and high-speed application note. 505024 
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Switching Characteristics Over Operating Conditions (Cont.) 


fener | __—Panaweren | —GURE | WN [ONT 
a 
[OupstesdypobetGH CS 
cuinteady THoHtoDawie «Sd 
[shou TAREHGH SSCS 

















Shift Out T to AF/E LOW 


aes 
rine |Stitin toarencH 
Tee | Stitin oHFRIGH 
rine [situ TorLoWw 
Bae 
ee 
eee 
eer 






Ouput Disable Delay . 
Output Enable Delay 


Note: Input rise and fall time (10%—-90%) = 2.5 ns. Conforms to MIL-STD-883; Group A, Subgroups 9, 10, and 11. 
* See timing diagram for explanation of parameters. 
““ Actual test limits may be different to compensate for ATE. 


Standard Test Load Design Test Load = | EJ 





5V 
TESTPOINT sy 


TEST POINT 





30 pF 
Input Pulse neice =3V 

Input Rise and Fall Time (10% ~ 90%) = 2.5ns 
Measurements made at 1.5 V 





505 149 





‘OUTPUT ENABLE 






Vee ov 
Vv 
$1 and S2 
WAVEFORM 1 Chee 1 cy 
ee tia Vor 
WAVEFORM 2 =15V 


Vr= 1.3V 


Waveform 1 Is for an output with Internal conditions such that 
the output is low except when disabled by the output control. 





Waveform 2 Is for an output with Internal conditions such that 
the output Is high except when disabled by the output control. 


505 107 ; 505 150 
*Equivalent test loads may be used for automatic testing Figure A. Enable and Disable 
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Typical ICC vs Temperature (VCC = MAX) 


230 







coe eee 
ee 


220 


210 





57413A(Vcc = 5.5V) 





200 
loc (mA) 
190 


180 


170 


160 


Military Case Outlines 


CONFORMS TO 
MIL-M-3851 OF 
APPENDIX C 

CASE 


PACKAGE OUTLINE 
LETTER 





§05025B 


Burn-In Circuitry 
Dynamic Burn-in . - vcc 


3 
Yea 
5 
6 
7 
8 
9 


= 
o 





§05 152 


Tonbient = 120°C 

Veg = 5.25 + 0.25 V 

Square wave pulses on AO to A8 are: 

50% + 15% duty cycle 

. Logic "0”=-1 Vto 0.7 V 

. Logic “1” = 2.4 V to V,, 

. Frequency of each address i is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
e.g., AO = 100 kHz 

A1 = 50 kHz + 10% 
A2 = 25 kHz + 10% 
An = 1/2 An-1 + 10% 


hon 
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Functional Description 


Data Input 


After power up the Master Reset is pulsed low (Figure 8) to 
prepare the FIFO to accept datain the first location. Master Reset 
must be applied prior to use to ensure proper operation. When 
Input Ready (IR) is HIGH the first location is ready to accept data 
from D, inputs. Data then present at the data inputs in entered into 
the first location when the Shift-In (S1) is brought HIGH. ASIHIGH 
signal causes the IR to go LOW. Once data is entered into the first 
cell, the transfer of data in any full cell to the adjacent (down- 
stream) empty cell is automatically activated by an on-chip 
control. Thus data will stack up at the end of the device (while 
empty locations will “bubble” to the front when data is shifted out), 
tp, defines the time required for the first data to travel from input 
to the output of a previously empty device. When SI is brought 
LOW and the FIFO is not full, IR will go HIGH, indicating more 
room is available. If the memory is full, IR will remain LOW. 


Data Output 


Data is read from the O, outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift-Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new valid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status sig- 
nals indicating that the FIFO is completely full (Input Ready stays 
LOW for at least t,,) or completely empty (Output Ready stays 
LOW for at least t 


pr): 





SHIFT IN 


505 153 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
60 MHz in operation. Device grounding and decoupling is crucial 
to correct operation as the FIFO will respond to very smallglitches 
due to long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 pF directly between V.,, and GND with very short 
lead length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift-In- 
Input Ready combination, as well as the Shift-Out-Output Ready 
combination, timing measurements may be misleading, i.e., 
rising edge of the Shift-In pulse is not high due to (a) too high a 
frequency, or (b) FIFO being full or effected by the Master Reset, 
the Shift-In activity willbe ignored. This will affect the device from 
a functional standpoint, and will also cause the “effective” timing 
of Input Data Hold time (T,,,,) and the next activity of Input Ready 
(Tq) to be extended relative to Shift-In going HIGH. This same 


type of problem is also related to T,,.,, T,,,, and T,,,,, as related to 


Shift-Out. Data outputs driving a bus should be limited to 10 MHz 
frequency. For high-speed applications, proper grounding tech- 
nique is essential. 


Figure 1. Input Timing 
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SHIFT IN 


INPUT READY 





INPUT DATA 





(son XXX KERR 


@ Input Ready HIGH indicates space is avallable and a Shift-In pulse may be applied. 
@ Input Data is loaded Into the first word. The Data from the first word Is released for "fall through” to second word. 
@) Input Ready goes LOW indicating the first word Is full. ; 


KXXXX 


@ Shift-In going LOW allows input Ready to sense the status of the first word. The first word Is now empty as Indicated by Input Ready HIGH. 
© If the second word Is already full then the data remains at the first word. Since the FIFO Is now full input Ready remains low. : 
Note: Shift4n pulses applled while Input Ready is LOW will be Ignored (See Figure 3). 505 173 


Figure 2. The Mechanism of Shifting Data Into the FIFO 


SHIFT OUT 


SHIFT IN 


INPUT READY ~ tey Stet hpi 
XXXXKXXXKHN (= sion —XXXXKKNX 


XXX 




















INPUT DATA 





XXX 


@) FIFO is initially ful. a 

@) Shitt Out pulse is applied. An empty location starts “bubbling” to the front. 

@® Shift in is held HIGH. . 

@ As soon as Input Ready becomes HIGH the Input Data Is loaded Into the first word. 505 185 


Figure 3. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH 


4 


SHIFT OUT 
OUTPUT READY 


OUTPUT DATA 





@ The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
® Output data changes on the falling edge of SO atter a valid Shift-Out Sequence, i.e., OR and SO are both high together. 505 156 


Figure 4. Output Timing 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


@ Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
@ Shift-Out goes HIGH causing the contents of word 62 (B-DATA) to be released for fall through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 
® Output Ready goes LOW. 
® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© Ifthe FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data become invalid. 
505 157 Note: Shift Out pulses applied when Output Ready is LOW will be ignored (See Figure 7). 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 





SHIFT IN 
SHIFT OUT ia 
’ eee tpy 
OUTPUT READY LP 
topH 
505 158 @) FIFO is initially empty Figure 6. t,, and t,,,, Specification 


SHIFT OUT ee 


crm es ee cm 1/1) 


cron (7 XXRXXRXKRRRRRE 


* @) Word 63 is empty. 
@) Output Ready goes HIGH indicating arrival of the new data 
@) New data (A) arruves at the outputs (word 63) 
® Since Shift Out is held HIGH, Output Data is subject to change. Output Ready will go HIGH or LOW. 
© As soon as Shift Ou goes LOW the Output Data is subject to change. Output Ready will go HIGH or Low 
depending on whether there are any additional upsteam words in the FIFO. 


505 159 Figure 7. Data ls Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 
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57413A. 





MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 


DATA OUTPUTS 





t 
‘MRO —> 605 160 


Figure 8. Master Reset Timing 
SHIFT OUT 
ALMOST FULVEMPTY 


SHIFT IN 





@ FIFO contains 9 words (one more than almost empty). 505 161 


Figure 9. t,..0 ty, Specifications — 







SHIFT IN 


SHIFT OUT 


q@ FIFO contains 55 words (one short of almost full). 505 162 


Figure 10. t,,,,, t,,, Specifications 
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57413A 

















SHIFT IN 
fn 
tsi 
HALF FULL ) S . 
}¢—— tr — . "SoH 
SHIFT OUT 
_ tHEL 
505 163 @ FIFO contains 31 words (one short of half full). 
Figure 11. t,,,, t,,, Specifications 
OUTPUT 
ENABLE 
SHIFT OUT 
COMPOSITE 
INPUT READY COMPOSITE 
OUTPUT READY 
SHIFT IN 
MASTER RESET 
FIFOs are expandable in width. However, in forming wider words 
two external gates are required to generate composite Input and 
Output Ready Flags. This requirement is due to the different fall 
505 164 through times of the FIFOs. 


Figure 12. 64x 15 FIFO with 57413A 
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ALMOST FULL/ - 
EMPTY E) INTERRUPT 
HALF FULL FLAG 
Note: Expanding the FIFOs in word width is done by ANDing 
the IR and OR as shown in Figure 12. 
Figure 13. Application for the 57413A “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 505 165 





3-46 


Military CMOS 
Zero Power FIFOs 


PRELIMINARY 


Conforms to MIL-STD-883, Class B (Latest Revision) 


57C0401/13 
57C402/23 

57C4033 

64x4 64x5 Memory 
12 MHz (Cascadable) 





Features/Benefits 


Zero standby power 

High-speed 12 MHz shift-in/shift-out data rates 
Very low active power consumption 

Choice of 4-bit or 5-bit data width 
TTL-compatible Inputs and outputs 

Readily expandable In work width and depth 
RAM-based architecture for short fall-through delay 
Full CMOS 8-transistor cell for maximum noise 
Immunity 

Asynchronous operation 

Output Enable feature (57C4013/23/33) 


Ordering Information 
57C 4023 -12 J /883B 








Description 


The 57C40X/XX series devices are high-performance CMOS 
RAN-based First-In First-Out buffer memory products organized 
as 64 words by 4 or by 5 bits wide. These devices use Monolithic 
Memories’ CMOS process technology and meet the demands for 
high-reliability, high-speed, low-power operation. By utilizing an 
on-chip, dual-port RAM, a very short fall-through time is realized, 
improving overall system performance. Separate on-chip Read 
and Write pointers address each memory location, allowing the 
data to propagate to the outputs in much less time than in 
traditional register-based FIFOs. These FIFOs are easily inte- 
grated into many applications and perform particularly well in 
high-speed disk controllers, graphics, and communication sys- 
tems. The 550 pwatt standby power of these devices makes them 
ideal for ultra-low-powered and battery powered systems. 











TEMPERATURE CODE 
57 =-85 °C TO 125 °C PaeaeS MLSTD.88a, 
CMOS FIFO FAMILY Class B 
PART NUMBER PACKAGE 
J = Ceramic Dip 
SPEED 
(MHz) 
OUTPUT TYPE 
Blank = Totem Pole 
3 = Three State 
505 102 
Pin Configurations 
For Ceramic DIP Packages 
57C0401/13 570402/23 5704033 
NC/OE NC/OE 18} VCC 20] voc 
Hee AeApy SHIFT OUT HALF FULL [2] iS) eae 
SHIFT IN SHIFT IN REBY. ney SHIFT OUT 
Do Do 5] 00 SHIFT IN Beny 
D1 
pata} 2! 14] O14 16] Oo 
IN| pa DATA { D2 13] 02 } OUTPUTS 15] 01 
bs D3 2] 03 aH ta] 02 } ourpur 
Gnd D4 11] 04 113] 03 
MASTER 
GND fro} MASTE 2] 04 
MASTER 
RESET 
505 104 
1068341 
10684A/1 
May 1988 3-47 
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Block Diagrams 


57C401/13 
57C402/23 
READY SN DATA IN 
















INPUT 
REGISTER 


MASTER RESET 





READ 
POINTER 
COUNTER 












OUTPUT 
REGISTER 


| SHIFT OUTPUT 
DATA OUT OUT READY 


OUTPUT 
ENABLE 








5704033 


INPUT SHIFT 
READY IN DATA IN 













INPUT 
REGISTER 


MASTER RESET 





WRITE READ 
POINTER POINTER 
COUNTER COUNTER 


HALF FULL 
ALMOST FULL’ 
EMPTY 






l SHIFT OUTPUT 
DATA OUT OUT READY 





$05 101 
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Absolute Maximum Ratings* 


Supply voltage, V., ig he aa otk cea dace a tat ata cl Das sar nea BG ate eae suddetee 0.5 Vto7V 
PiU Vota GF ARNG ecegs cc Gasstecsi0es anand ius Gacsen cstadecrcseslnedc aus nxess nan eds gcayenny chs tuacd Odin ounsans teat Qveseyaiconalgstsaedestavieaceueuebauanaiaes -15Vto7V 
Off State oUt Ut VOI AGG iiss ss isccscccccssed eneceacecsiecse-cotescinceccssesceclesscscacncetcysdsvactaceossbasekadbbsndeuceccssbiguacuedecbcbelessers one seadeeavate -0.5 Vto to6.0V 
Storage temperature .......sccsccsscsscsssssevessessees BR Sidla Souda cas Goceh vbunsnssaaeasd sedan Sous neudede casussh udsessssui sesusacedolsa colesnstidescesnseitsees -65°C to 150°C 
*Note: on 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is notimplied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. ; 


Operating Conditions 












Supply voltage . eee eee 
Shift in HIGH time ees a ae ee 
Shit in LOW time | ee ee te ee ee 


Input data setup to SI (Shift In) 


‘Input data hold time to SI (Shift In) ai 






7 
ras : 
tr | hptaatacoupto Reputraey 
"pit data tlstinetoR putea ———SSSSS*dCO 

A 
a 
Pin [Stitounictine ——SSSSC~=“~*~*é‘~SC‘ RSC*d 
Stew .GWiine i 
a 

ee Tan 


teow 
fy 
Four 
ja 
| tue"* | MasterResettost 


40 
27 
75 





High level input voltage Po 
Operating free-air temperature . ee 
Operating instant-on case temperature Ht penen 


“These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system noise. 
Do not attempt to test these values without suitable equipment. . 

** If the FIFO is not full (IR HIGH) MR LOW forces IR LOW, followed by IR returning high when MR goes high. 

*** tiga IS measured on initial characterization lots only and is not directly tested in production. 





° 
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570401/13 57C0402/23 . 5704033 PRELIMINARY 


Conforms to MIL-STD-883; Group A, Subgroups 1, 2, and 3. 


Electrical Characteristics Over Operating Conditions 


SYMBOL PARAMETER TEST CONDITIONS [ono [os UNIT 


Off-state output current 0 V<V,,,,<5.5 V 
('4013, °4013, '4033 ial 


ce = MAX, All outputs open, ic 12 MHz 


Maximum standby current = MAX, All outputs open. 
("CZ’” devices only) 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one }@ second. 
** Tested on initial qualification lot only. 





505007 
Standard Test Load* Three State Test Load*. 
Vec 
. TEST POINT - 2 Rt - 
OUTPUT TEST POINT st 





Input Pulse Am litude a3V 
Input Rise and Fall Time (ie 90%) m= 25 ns 
Measurements made at 1.5 V 





505 107 “Equivalent test load may be used for automatic testing. 


Resistor Values 
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Conforms to MIL-STD-883; Group A, Subgroups 9, 10, and 11. 


Switching Characteristics 


a a PE) a 
ar [ siti ater 
ames) ee 
SC 
Pasteur ——SSSSCSC~S~—~—~iSC‘ 
wastrReset ie ouptReewiOW iT 
[Maser RessiwpaReadyHGH SiC 
Pieaafaeatwompetow 
air Rest Ji Anes Enpty Fag HIGH Cw0edonyy || 
FweaaaypueenGH 
fompavetypamewio 
a 
kel 
. 
| 
rae 
[1 
ase 













Output disable delay (’4013, 4023, 4033 devices only) 8 Le 


Output enable delay (4013, '4023, ’4033 devices only) po «pe 


* Ifthe FIFO is not full (IR HIGH), MR LOW forces IR LOW, followed by IR returning high when MR goes high. 
“* Actual test limits may be different to compensate for ATE. 
t See timing diagram for explanation of parameters. 





505009 


Capacitances * 


Pe, Input capacitance T,= 25 °C, fr 1 MHz 
Output capacitance Veo = 45 V 


*These parameters are not tested in production, but are evaluated at initial characterization and anytime the design is modified 
where capacitance may be affected. 505010 
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lc VS: Frequency Military Case Outlines 


J (Cerdip) 


Conforms to 
Package MIL-M-38510 
Outline Appendix C 


sromi | tl 





% 2 4 6 8 10 = 12 14 §7C4023 
FREQUENCY — MHz 
5704033 
867 02 . : 505011 


Burn-In Circuitry 


Dynamic Burn-in 


57C401 5704013 570402 





5704023 57C4033 


Tonbient = 125° C 
Veg = 5.25 £0.25. V © 
Square wave pulses on AO to A8 are: 
1. 50% + 15% duty cycle | 
. Logic “0” =-1 Vto 0.7 V 
. Logic “1” = 2.4 V to V,, : 
.' Frequency of each address i is to be one-half of each 
preceding input, with AO beginning at 100 kHZ. 
e.g., AO = 100 kHz 
Ai = 50 kHz+ 10% 
A2=25kHz+10% 
An = 1/2 An—1+ 10% 


fan 


3 
4 
5 
6 
7 





= © © 





505 109 
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57C402/23 5704033 PRELIMINARY 





505 171 


OUTPUT ENABLE 







WAVEFORM 1 S1 CLOSED 
$2 OPEN 


tezH 


WAVEFORM 2 S1 OPEN = 
S2 CLOSED 1.5V 






$1 AND 
$2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is low 
except when disabled by the output control. 


Waveform 2 Is for an output with Internal conditions such that the output is high 
except when disabled by the output control. 


Figure A. Enable and Disable (57C4013/23/33 Only) 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATAfrom the D, inputs. Data then present at the inputs 
is written into the first location of the RAM when Shift-In (SI) is 
brought HIGH. ASI HIGH signal causes the IRtogo LOW. When 
the SI is brought LOW and the FIFO is not full, IR will go HIGH, 
indicating that more room is available. The write pointer now 
points to the next location in the RAM. Ifthe memory is full, then 
IR will remain LOW. 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by the 
Output Ready (OR) going HIGH. When the ORis HIGH, datamay 
be shifted out by bringing the Shift-Out (SO) HIGH. AHIGH sig- 

‘nal at SO causes the read pointer to point to the next location in 
the RAM, and also the OR to go LOW. Valid data is maintained 
whilethe SOis HIGH. When the SO is brought LOW, the OR goes 
HIGH, indicating the presence of new valid data. If the FIFO is 
emptied, OR stays LOW, and O, remains as before, (i.e., data 
does not change if the FIFO is empty). Adual port RAM inside the 
chip provides the capability of simultaneous and asynchronous 
writes (Shift-Ins) and reads (Shift-outs). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 

cised in the design of the hardware and the timing utilized within 

the design. Device grounding and decoupling is crucial to correct 

operation as the FIFO will respond to very small glitches due to 

long reflective lines, high capacitances and/or poor supply decou- 

pling and grounding. We recommend a monolithic ceramic ca- 

pacitor of 0.1 pF directly between V., and GND with very short 

lead length. In addition, care mustbe exercised in how the timing 

is set up and how the parameters are measured. For example, 

since an AND gate function is associated with both the Shift-In- 

Input Ready combination, as well as the Shift-Out-Output Ready 
combination, timing measurements may be misleading; i.e., 

rising edge of the Shift-In pulse is not recognized until input ready 

is HIGH. If Input Ready is not high due to (a) too high a frequency, 

or (b) FIFO being full or effected by Master Reset, the Shift-In 

activity willbe ignored. This will affect the device from a functional 

standpoint, and will also cause the “effective” timing of Input Data 

Hold time (T,,,,) and the next activity of Input Ready (T,,,) to be 

extended relative to Shift-In going HIGH. This same type of 
problem is also related to T.4, Togs Togy and the Status Flag 
timing as related to Shift-In and Shift-Out. For high-speed 
applications, proper grounding technique is essential. 
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| . PRELIMINARY 


57C402/23 





HF and AF/AE Status Flags 
(57C4033 Only) 


The Half-Full (HF) will be high only when the net balance of words 
shifted into the FIFO exceeds the number of words shifted out by 
thirty-two or more (i.e., when the FIFO contains thirty-two or more 
words). The Almost-Full/Empty (AF/AE) flag will be HIGH when 
the FIFO contains fifty-six or more words or when the FIFO con- 
tains eight or fewer words (see Figures 10, 11 and 12). 


Care should be exercised in using the status flags because they 
are capable of producing arbitrarily short pulses. For example, if 





the FIFO contains thirty-one words, and SI and SO pulses are 


' applied simultaneously, the HF flag may produce an arbitrarily 


short pulse, depending on the precise phase of SI and SO. 


The flags will always settle to the correct state after the appropri- 
ate delay (0.9., Tye, Tye, in this example). This property of the 
status flags will clearly be a function of dynamic relation between 


-Sland SO. Generally, the use of level-sensitive, ratherthan edge- 
- sensitive status detection circuits will alleviate this hazard. 


505 115 


Figure 1. Input Timing 


SHIFT IN 
INPUT READY 


INPUT DATA 





STABLE DATA 


XM AY 





@ Input Ready HIGH indicates space Is available and a Shift-In pulse may be applied. 


@) Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location Is full. 


@ Shift-in going LOW allows input Ready to sense the status of the next memory location.’ The next memory location is s empty as indicated by Foil Roady HIGH. 


® If the FIFO Is already full then the input Ready remains low. 
Note: Shift-in pulses applied while input Ready is LOW will be ignored. 


605 116 


Figure 2. The Mechanism of Shifting Data Into the FIFO 
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SHIFT OUT 


SHIFT IN 
INPUT READY —_1) : tpt Dn, 


ur para XXXXXXXXXXMAMAMAMAMAMA_STABLEDATA ——AX XXX 


@ FIFO is initially full. 

@) Shift In is held HIGH. 

© Shift Out pulse Is applied. An empty location Is detected by the Internal pointers on the falling edge of SO. 
® As soon as Input Ready becomes HIGH the Input Data is loaded Into this location. 






505 117 Figure 3. Data Is Shifted Whenever Shift In and Input Ready Are Both HIGH 


SHIFT OUT 


OUTPUT 
READY 


OUTPUT 
DATA 





@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), 
and C-Data (third input word). 
® Output data changes on the falling edge of SO after a a valid Shift-Out Sequence, i.e., OR and SO ar both high together. 


505 118 Figure 4. Output Timing 
SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 





@ Ouput Ready HIGH indicates that data {s available and a Shift-Out pulse may be applied. 
@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 
@) Output Ready goes LOW. 
® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


505 119 Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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D 


SHIFT IN 


SHIFT OUT Q 
OUTPUT READY SP 


C® FIFO is initially empty. 

@® Shitt-Out is held HIGH. 

® Shift-In pulse applied. A full location is detected by the interna! pointers on the falling edge of Shift-In. 
® As soon as Output Ready becomes HIGH, the word Is shifted out. 








spn Specification — : 505 120 


SHIFT OUT 


cman YO 
DD 
OUTPUT DATA . 


@ The interna! logic does not detect the presence of ony data n the FIFO. 
@) New data (A) arrives at the outputs. 
@® Output Ready goes HIGH Indicating arrival of the new data. 
@ Since Shift Out Is held HIGH, Output Ready goes Immediately LOW. 
© As soon as Shift Out goes LOW the Output Data Is subject to change. 
Output Ready will go HIGH or remain LOW depending on whether there are any additional! upstream words In the FIFO. 


Figure 6. t,,andt 











Figure 7. Data Is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH . 505 121 

MASTER RESET 
INPUT READY 
OUTPUT READY 
SHIFT IN 


DATA OUTPUTS 





Figure 8. Master Reset Timing _ . 505 122 


‘505 122 
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MASTER RESET 


UMRHFL 
HALF-FULL FLAG 


tMRAEH 
ALMOST FULL/EMPTY 


@) FIFO initially has between 32 and 56 words. 


505 123 Figure 9. t,..,, and t,,,,,, Specifications 


tsou 


SHIFT OUT 


ALMOST FULL/EMPTY J 


SHIFT IN 





@ FIFO contains 9 words (one more than almost empty). 





505 124 Figure 10. t,,,, and t,,, Specifications 
tsiH 
SHIFT IN 
tAFH 
ALMOST FULLEMPTY PD 
TAFL 
SHIFT OUT 


tsou 


@® FIFO contains 55 words (one short of almost full). 


505 125 Figure 11. t,,,, and t,,, Specifications 


SHIFT IN 
HALF FULL 


SHIFT OUT 





() FIFO contains 31 words (one short of almost full). 


505 126 Figure 12. t,,, and t,,,, Specifications 
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57C4500-40/50/65/80 


High Density First-in First-out (FIFO) 
256x9 CMOS Memory 


Advance Information | 


DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 

256x9 organization 

Cycle times of 50/65/80/100 nanoseconds 
Asynchronous and simultaneous writes and 
reads m3 
Low power consumption — 80 mA maximum 

e Status flags — full, half-full, empty 


¢ Retransmit capability 

e Expandable in both width and depth 

e Increased nolse Immunity for XI - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 57C4500 is a RAM-based CMOS FIFO that is 256 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 20 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


High Density FIFOs such as the 5704500 are useful ina 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the 57C4500 usefulin communication, image processing, 
mass storage, DSP, and printing systems. 


BLOCK DIAGRAM» 


WRITE 
POINTER 










DO-D8 
DATA 
INPUTS 


DATA 
OUTPUTS 










READ 
POINTER 


Figure 1. 


icati Rey, Amendment 
10907 A /0 
Issue Date: June 1988 


pa 
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dOJDIW P2duUeADYY 


+ 


S2DIAD 


Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4500-40/50/65/80 


CONNECTION DIAGRAMS 


DIP 


Pin Designations: W = Write 


’ FURT = First Load/Retransmit 
f23] FLIRT D, = Data In 
5704500 Fy z5 Gee Daou 
Xl = Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
ioe fo FF = Full Flag 
20 | XO/HF EF = Empty Flag 
cc = Supply Voltage 
GND = Ground 


< 





ORDERING INFORMATION 





57 C 4500 - 40 J /883B 









PROCESSING 
/883B = MIL-STD-883 
Class B 


OPERATING CONDITIONS 
57 = -55°C to 125°C 


CMOS TECHNOLOGY 
PACKAGE TYPE 
PART NUMBER ‘ J = Ceramic DIP 
PERFORMANCE 
40 ns = 40nst, 
50 ns = 50 ns t, 
65 ns = 65 ns t, 
80 ns = 80 ns t, 


ORDERING INFORMATION 


Part 


| 5704500-40_ 40 
256-word by 9-bit FIFO 






57C4500-50 
57C4500-65 





5704500-80 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4500-40/50/65/80 


ABSOLUTE MAXIMUM RATINGS 


SUpply VOIAGO,. Vp: sesesciosssesssccnesanseriecsnevse oniestee -0.5 V to +7.0 V 
fa] 910) @c0)|¢: 0 - ee -0.5 V to V,., +0.5 V 
Operating temperature ............scssccssssessseeeseees -55°C to +125°C 
Storage temperature ..........ccccccessseesersessseesenes -65°C to +150°C 
Power dissipation ...........sccsssssssssssssssssessestsssescesessesssasenecees 2.0 W 
DC output CUIENt ...........sccscssessessssssecsseseescssssscssssseesererees 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Military: v,,, = 5 V +10%, T, = -55°C to +125°C 


, 57C4500-40 | 57C4500-50 57C4500-65 | 57C4500-80 
Parameter uty = 40 ns T,=50ns a =65ns 


Description Max.; Min. Max. Max. Min. Max. 


Vion Input Low Voltage, XI (Note 3) 


ef Logic “1” Voltage |,,,=-2 mA 


Output Logic “O” voltage |,, = 8 mA 


Average Standby Current 
(R= W-=RS=FURT = Vi4) (Note 4) 


Power Down Current (all inputs = V,,,, -0.2 V) 
lees (Note 4) 


Notes: 1. Measurements with GND < V,,, < Vo. 
2. REV, GNDSVou7S Voc 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,_ measurements are made with outputs open. 
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_ Advance Information | 
_ High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4500-40/50/65/80 


AC CHARACTERISTICS Voc = 5 V 410%, T, = 55°C to +125°C 


Parameter Parameter 57C4500-40 | 57C4500-50 57C4500-65 | 57C4500-80 
Symbol Description ae Min. Max. | Min. Max. Min. Max. Min. Max. 





Write and Flag Timing 


Pte | WiteCycieTime ——=~=~“‘“‘CS;C‘*dCCS™C#*#*d’;=S(eSSC‘sSCaSSC*dSC 
| ew | WritePulsewith | to | |_ ws || ss | 
| tm | WriteRecoveytime || oto | | ts | ts 
te [Daaseuptine —+| as | ao |» | 

Pt _[Datatiodtime ———SsSCSCéi|—sCdT CT i'd 

ivr _|WitoLOWioFulFagow |__| ~+| 

[Wee LOWeHatrulregtoWw [so | [| 100 | 
iw |WiteHIGHiEnpyFagHGH [a5 [CC 
Fea 
at LOW Z (Note 1) 

|RedendFegtming —OSCSCSC~“CSCSC“S*s“s~“~s~sS*s*~“s~“s*S~S 


Read Cycle Time 


Access Time ; ae 
















= 


ii 
La [alajalalal 





Read Recovery Time 

Read Pulse Width 
Read pulse LOW to data bus 

at LOW Z (Note 1) 

Data Valid from read pulse HIGH 

Read pulse HIGH to data bus 

at HIGH Z (Note 1) 

Read HIGH to Full Flag HIGH 


Read HIGH to Half Full-Flag HIGH 
Read LOW to Empty FlagLOW 


Reset Timing 


Reset Cycle Time 


Reset Pulse Width 


Reset Setup Time 
Reset Recovery Time aoe 2 ae 






ie 
ta 
tan 
tas 

ae 
teuz 
ter 
tone 
ther 






Reset to Empty Flag LOW 






hse 
bs 

tass 
asa 
ter 
t, FH 
a 


[ResettoFullFlagHIGH | 80 

Retransmit Timing bois a _ 

te | Retransmit GyceTime—==—=dY=SidC Cd 
Retransmit Pulse Width 

tore Retransmit Recovery Time Ee Ee 


Note: 1. Characterized parameters. 


4 
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57C4501-50/65/80 © 


High Density First-in First-out (FIFO) 
512x9 CMOS Memory 


Advance Information | 


DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 


e 

© 512x9 organization | 

e Cycle times of 65/80/100 nanoseconds 

e Asynchronous and simultaneous writes and 
reads . eee 

e Low power consumption — 80 mA maximum 

e 


Status flags — full, half-full, empty 


_ @ Retransmit capability 


e Expandable in both width and depth 
e increased noise immunity for XI - CMOS 
threshold 


e Functional and pin compatible with industry: 
standard devices 


GENERAL DESCRIPTION 


The 57C4501 is a RAM-based CMOS FIFO that is 512 
- words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 15 MHz. 
’ Status flags are provided to signify empty, full, and half-full 
“conditions. The capability also exists to retransmit data 
' from the FIFO. 


High Density FIFOs such as the 57C4501 are useful ina 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the 57C4501 useful in communication, image processing, 
mass storage, DSP, and printing systems. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4501-50/65/80 


CONNECTION DIAGRAMS 


DIP 


Pin Designations: W = Write 
: R = Read 
RS = Reset 
FURT = First Load/Retransmit 
[23] FLAT D, = Data In 
f= Q, = Data Out 
22] RS XI = Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
ent, FF = Full Flag 
XO/HF . EF = Empty Flag 
- V.. = Supply Voltage 
i 19] a, ; GND = Ground 


5704501 








ORDERING INFORMATION 


i C 4501 - 50 J a 


OPERATING een eae | p eee 
57=-55°C to 125°C /883B =-MIL-STD-883 
Class B 
CMOS TECHNOLOGY 
PACKAGE TYPE 


PART NUMBER J = Ceramic DIP 










PERFORMANCE 
50 ns = 50 ns t, 
65ns=65nst, 
80 ns = 80 ns t, 


ORDERING INFORMATION 


Part 
Sari Description Package} Temp 


Eee : pape 


5704501-65 | 512-word by 9-bit FIFO 






57C4501-80 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4501-50/65/80 


ABSOLUTE MAXIMUM RATINGS 


Supply VOMAIOLV 5g vaseresseissssisenesvoesesssvevsesasssoneds -0.5 V to +7.0 V 
INPUt VOILAGE ........ceseeseetscecssseteereeeteseeeenes -0.5 V to V,, +0.5 V 
Operating temperature ...........ceecsssetecseeresseeees -55°C to +125°C 
Storage temperature ....... ss opeedodardnveocacrdeceossnssanse -65°C to +150°C 
Power dissipation ...........:sccsssssssecssssesescsetssseeecaeesesesatenseees 2.0W 
DC Output CUITENL 0... eescsescesssecsssstsssesesercsnscerseestesessees 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS commercial: V,, = 5 V £10%, T, = -55°C to +125°C 


57C4501-50 57C04501-65 -57C4501-80 
T,=50ns a ae a, she 
Parameter Min. Max. 


Pa fentitnws [e e P 
er ee ee 


Average Standby Current 
(R = W =RS = FLAT = V,,) (Note 4) 


Power Down Current (all inputs = V,, -0.2 V) 
(Note 4) 





Notes: 1. Measurements with GND <V,,<V,, 
: R2 Vi» GND S Voy 7S Voc 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without Suitable equipment. 


4. |,, measurements are made with outputs open. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4501-50/65/80 


AC CHARACTERISTICS v,,, = 5 V +10%, T, = -55°C to +125°C 


57C4501-50 §7C4501-65 57C4501-80 
Description Min. Max. Min. Max. Min. -Max. 


Write and Flag Timing 


Tike [Wit Cycetims ——S—S—~=~—~—sSSSCSC~“‘idSCSC~“C*é‘idCSSCSC~*~dr 


Write Pulse Width 65 


Write Recovery Time 
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[Wie LOW Hat-Fu Flag LOW 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 
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LZ at LOW Z (Note 1) 
Read pulse HIGH to data bus 
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ter 45 
_ 100 

he 
es 
te 
Retransmit Timing 
in 
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Note: 1. Characterized parameters. 
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57C4502-50/65/80 


High Density First-in First-out (FIFO) 
1024x9 CMOS Memory 


Advance Information 


DISTINCTIVE CHARACTERISTICS 


RAM based FIFO 

1024x9 organization 

Cycle times of 65/80/100 nanoseconds 
Asynchronous and simultaneous writes and 
reads 

Low power consumption — 80 mA maximum 
Status flags — full, half-full, empty 


e Retransmit capability 

e Expandable in both width and depth 

e Increased noise immunity for Xi - CMOS 
threshold 


e Functional and pin compatible with industry 
standard devices 


GENERAL DESCRIPTION 


The 57C4502 is a RAM-based CMOS FIFO that is 1024 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 15 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


High Density FIFOs such as the 57C4502 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the 5704502 useful in communication, image processing, 
mass storage, DSP, and printing systems. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4502-50/65/80 


CONNECTION DIAGRAMS 
DIP 
28] Veg 
27} Dy 
Pin Designations: W = Write. 
R = Read 
RS = Reset Bis 
24] Dy FL/AT = First Load/Retransmit 
a3 FLAT D, = Data In 
Q,, = Data Out 
5704502 = 
on 22] RS X= Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
pinvew FF = Full Flag 
XO/HF EF = Empty Flag 
‘ Vog = Supply Voltage 
|19} a, GND = Ground 








ORDERING INFORMATION 


57 C 4502 - 50 J /883B 


OPERATING CONDITIONS eel | jp eves PROCESSING 
57 = -55°C to 125°C /883B = MIL-STD-883 
Class B 
CMOS TECHNOLOGY 
PACKAGE TYPE 


PART NUMBER J = Ceramic DIP 









PERFORMANCE 
50 ns = 50 ns t, 
65 ns = 65nst, 
80 ns = 80 ns t, 


ORDERING INFORMATION 


Part 
every Description Package | Temp 


| 5704502-50 | 








57C4502-65 |1024-word by 9-bit FIFO 






5704502-80 
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Advance Information 
High Density First-in First-Out (FIFO) 1024x9 CMOS Memory 57C4502-50/65/80 


ABSOLUTE MAXIMUM RATINGS . 


Supply Voltage, Vo 6: <assssseassoserovserevessevesseseressovaeys -0.5 V to +7.0 V 
INPUT VOItAGE ........sscccseseseressssesecesettseseecanens -0.5 V to V,, +0.5 V 
Operating temperature ...........sessssessseessssesstseans -§5°C to +125°C 
Storage teMpPerature ............cscscsssscsseesceeeevees -65°C to +150°C 
Power dissipation ...........cscscssssseccessssesesssectsssscecsaserereaeees 2.0W 
DC OUtput CUITONE 0... eeseseccssseseesessseeteassesssessesessecsossneers 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: V,, = 5 V +10%, T, = -55°C to +125°C 


57C4502-50 . 5704502-65 ' 57C4502-80 
T, =50ns T, eed -T, =80ns 
Parameter Min. Max. Min. x. Min. Max. 
= Input Leakage Current (any input) (Note 1) Eee si ES". 


aa Output Logic “1” Voltage |,,, = -2 mA 
— Output Logic “O” voltage |,, = 8 mA 


Average Standby Current 
(R = W =RS =FURT = Vi) (Note 4) 


Power Down Current (all inputs = V,,, -0.2 V) 
(Note 4) 


Notes: 1. Measurements with GND <V,,.<V,, 
; R2 Vi» GND S$ Voy7S Voc: ; 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values sha suitable equipment. 
4. |,, measurements are made with outputs open. 
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Advance Information 
High Density First-In First-Out (FIFO) 1024x9 CMOS Memory 57C4502-50/65/80 


AC CHARACTERISTICS v,,, = 5 V +10%, T, = -55°C to +125°C 


57C4502-50 57C4502-65 57C4502-80 
Description Min. Max. Min. Max. Nin. Max. 


Write and Flag Timing 


| ty [WritecyceTime | | tf tt ts 
es i eee 
at LOW Z (Note 1) 
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7 Read Recovery Time 
Read Pulse Width 


Read pulse LOW to data bus 
‘uz | at LOW Z (Note 1) 
HZ 
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oO 
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at HIGH Z (Note 1) 
tes 
Reset Timing 

: 


Reset Recovery Time 


Reset to Empty Flag LOW 


Fil Reset to Half-Full Flag High 
a Reset to Full Flag HIGH 


Retransmit Timing 


Retransmit Cycle Time 
;: Retransmit Pulse Width 


tra Retransmit Recovery Time 


Note: 1. Characterized parameters. 
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FIFOs: Rubber-Band Memories 
to Hold Your System Together 


Data-rate matching problems are a very basic part of the life of a 
builder of digital systems. Today there are components called 
“FIFOs” which let you keep your hardware design simple, and let 
each portion of your system see the data rate which it wants to 
see, and yet let you avoid hobbling the performance of your 
software by constantly interrupting or intermittently halting your 
microprocessor. FIFO is one of those made-up words, or 
acronyms, formed from the initials of a phrase — in this case, 
“First-In, First-Out.” FIFOs may be thought of as “elastic storage” 


Chuck Hastings 


devices — “logical rubber bands” between the different parts of 
your system, which stretch and go slack so that data rates bet- 
ween different subsystems do not need to match up on a short- 
term microsecond-by-microsecond basis, but only need to 
average out to be the same over a much longer period of time. 
This tutorial paper both describes what FIFOs are in general, and 
introduces the 64x4 and 64x5 Monolithic Memories’ FIFOs in 
particular. 
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FIFOs: Rubber-Band Memories 
to Hold Your System Together 


Chuck Hastings 





Introduction 


Data-rate matching problems are a very basic part of the life of a 
builder of digital systems. Some important electromechanical 
devices such as disk drives produce or absorb data at totally 
inflexible rates governed by media recording densities and by 
the speeds at which small electric motors are naturally willing to 
rotate. Other devices such as letter-quality printers have 
maximum data rates beyond which they cannot be hurried up, 
and which are relatively slow compared to the rates of other 
devices in the system. 


Microprocessors and their associated main memories are gen- 
erally faster and more flexible than the other system components, 
but they often operate with severly degraded efficiency if they 
must be diverted from their main tasks every few milliseconds to 
handle data-ready interrupts for individual dribs and drabs of 
data. While “one day at a time” may be asound principle by which 
to live your life, “one bit at a time” or even “one byte at a time” is 
not a philosophy by which to make your microprocessor live if 
you want the best possible service from it. 


Today there are components called “FIFOs” which let you keep 
your hardware design simple, and let each portion of your 
system see the data rate which it wants to see, and yet let you 
avoid hobbling the performance of your software by constantly 
interrupting your microprocessor, or even by intermittently 
halting it in order to let DMA (Direct Memory Access) circuits 
take over control of the main memory for a short time. FIFOs 
may be thought of as “elastic storage” devices — “logical rubber 
bands” between the different parts of your system, which stretch 
and go slack so that data rates between different subsystems do 
not need to match up on a short-term microsecond-by- 
microsecond basis, but only need to average out to be the same 
over a much longer period of time. 


This tutorial paper both describes what FIFOs are in general, 
and introduces the 64x4 and 64x5 Monolithic Memories FIFOs 
in particular. 


What is a FIFO? 


FIFO is one of those made-up words, or acronyms, formed from 
the initials of a phrase — in this case, “First-/n, First-Out.” 
Originally, the phrase “First-In, First-Out” came from the field of 
operations research, where it describes a queue discipline 
which may be applied to the processing of the elements of any 
queue or waiting line. There is also a LIFO, or “Last-ln, 
First-Out” queue discipline. The terms FIFO and LIFO have also 
been used for many years by accountants to describe formal 
procedures for allocating the costs of items withdrawn from an 

_ inventory, where these items have been bought over a period of 
time at varying prices. - 


You can probably think of some simple, everyday objects which 
in some manner behave according to the FIFO queue discipline. 
For instance, little two-seater cable-drawn boats are drawn 
through an amusement park tunnel of love one by one, and must 
emerge from the other end in the same order in which they 
entered the tunnel — “First-In, First-Out.” The old-time coin 
dispensers used by the attendants at such amusement park 
features, or by city bus drivers, are “buffer storage” devices which 
handle coins in this same manner. (See Figure 1.) 





Figure 1. Primitive Mechanical FIFO Device 


Notice also that the input of a coin into one of the tubes of such 
a coin dispenser through the slot at the top, and the output of a 
coin at the bottom of that tube when the lever for that tube is 
pushed, are completely independent events which do not have 
to be synchronized in any way, as long as the tube is neither 
totally empty nor totally full. However, if the tube fills up 
completely, a coin inserted into the slot will not go into the 
tube. Likewise, if the tube empties out completely, no coin is 
released from the tube at the bottom when the lever is pressed. 
The coin tube thus behaves as an asynchronous FIFO. Keep 
this homely example in mind. 


In computer technology, both the FIFO queue discipline and 
the LIFO queue discipline are frequently used to control the 
insertion and withdrawal of information from a buffer memory, 
or from a dedicated buffer region of some larger memory. In 
input/output programming practice, a FIFO memory region is 
sometimes referred to as a circular buffer, and in programming 
for computer-controlled telephone systems it is called a 
hopper. A LIFO memory region is usually referred to as a stack. 
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Both FIFO and LIFO memories have frequently been im- 
plemented as special-purpose digital systems or subsystems, 
but as of the present time only FIFO memories are commonly 
implemented as_ individual, self-contained semiconductor 
devices. . 


Representative FIFOs 

To give you the flavor of what these semiconductor devices are 
like, I'll describe the type 67401 64x4 FIFO and type 67402 64x5 
FIFO which have been available for several years from Mono- 
lithic Memories. (“64x4” here means containing 64 words of 4 
bits each.) These’ parts have a basic, easy-to-understand 
architecture and control philosophy. They also happen to be the 
fastest FIFOs available through normal commercial channels as 
of this writing, and they are in widespread use for applications 
ranging from microcomputers up to IBM-lookalike mainframes 
and large special-purpose military radar processors. A 67401 is 
internally organized as follows: 





MASTER RESET 


Figure 2. Architecture of the 67401 FIFO 


The list of signals/pins for the 67401 is: 


How waNY] (GUM) _[ VOW 


joaain | a TT 
[oupt [| 4 | ei 
Control: 
~ Shift In 
Shift Out 

Master Reset 
Status: . 
Input Ready 
Output Ready 

























Voltage: 
Voc (+5V) 
Ground 





The corresponding list for the 67402 differs only in that there are 
5 Data In lines rather than 4, and 5 Output lines rather than 4. 
The reason that there is an unused pin is that the 67401 was 


originally designed as a faster bipolar upgrade of a MOS part, the 
Fairchild 3341, which needs a second power-supply voltage 
(-12V) as well as Voc. Much of the description to be given here 
of the 67401 also applies to the 3341, except for date rate — the 
67401 can operate at 5 to 35 MHz depending on the exact version, 
compared with approximately 1 MHz for the 3341. Pinouts are: 


Do fe] 5/67401/A Ti]o, 





DATA IN 2 ate OUTPUTS 
2 [5] Wy Oo | 
D3 | 7) 10} 05 
GND | 3 | 13 | MASTER RESET 


(Note: “NC” pin is -12V for 3341.) 
Figure 3. 67401/3341 Pinout . 


5/67402/A 





“'FIRST-IN, FIRST-OUT’ ...DESCRIBES A QUEUE DISCIPLINE 
WHICH MAY BE APPLIED TO THE PROCESSING OF THE ELEMENTS 
OF ANY QUEUE...” _ ey 
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The reason for having a 5-bit model as well as a 4-bit model of 
basically the same part is that if two 4-bit FIFOs are placed side- 
by-side they make only an 8-bit FIFO, and many people have 
FIFO applications which entail using a parity bit with each byte, 
and/or a frame-marker bit with the last byte of a frame or block, 
which means that they want 9-bit or 10-bit FIFOs. A 67402 next 
to a 67401 makes a 9-bit FIFO, and two 67402s make a 10-bit 
FIFO. But I’m getting ahead of myself. 


A logic HIGH signal on the Input Ready line indicates that there 
is at least one vacant memory location within the FIFO into 
which a new data word may be inserted. Likewise, a logic HIGH 
on the Output Ready line indicates that there is at least one data 
word currently stored within the FIFO and available for reading 
at the outputs. The operation of the FIFO is such that, once a 
data word has been inserted at the Data In lines (the top of the 
FIFO, as it were), this word automatically sinks all the way to the 
bottom (assuming that the FIFO was previously empty) and 
forthwith appears at the Output lines. (Remember the synonym 
hopper?) In keeping with the FIFO queue discipline, the first 
word which was inserted is the first one available at the outputs, 
and additional words may be withdrawn only in the order in 
which they were originally inserted. 


There is no provision for random access in these FIFOs, since 
their internal implementation uses one particular variation of 
shift-register technology. Each FIFO word consists of 4 (for the 
67401) or 5 (for the 67402) data bits, plus a control or “presence” 
bit which indicates whether or not the word contains significant 
information. There are thus 4 or 5 data “tracks” and one 
presence “track” if you look at a FIFO from a magnetic-tape 
perspective. What the Master Reset input does is to clear all of 
the bits in the presence track, and in addition to clear the very 
last data word (at the “bottom”) which controls the Output lines. 
The other 63 data words are not cleared, but it doesn’t really 
matter; their status is like unto that of operating-system files 
whose Directory entries have been deleted, in that they can no 
longer be read out and will get written over as soon as new 
information comes in. . 


We now return to what happens when a new data word gets 
inserted at the “top” of the FIFO. A mark (call it a “one”) is made 
in the presence bit for word 00, the first word. Assume now that 
word 01 is vacant, so that there is a “zero” in its presence bit. The 
internal logic of the FIFO then operates so that the data from 
word 00 is automatically written into word 01, the presence bit 
for word 01 is automatically set to “one,” and the presence bit for 
word 00 is automatically reset to “zero.” If word 02 is likewise 
vacant, the process gets repeated, and so forth until the same 
piece of data has settled into the lowest vacant word in the FIFO 
— the next lower word, and all the rest, have “ones” in their 
presence bits, blocking further changes. 


Conversely, now assume that at the moment no data word is 
being input, but that one has just been output. Then the bottom 
word in the FIFO — word 63 — has a “zero” in its presence bit, 
but there are a number of other words above it which have 
“ones” in their presence bits. The data in word 62 then moves 
into word 63 in the same manner.described above, and the data 
in word 61 moves into word 62, and so forth, until there is no 
longer any word in the FIFO having a “one” in its presence bit 
which is above a word having a “zero” in its presence bit. The 
effect is that of empty locations bubbling up to the top of the 
FIFO. Or, in case you are one of those elite individuals who has 


been exposed to the concepts and jargon of modern semicon- 
ductor theory, you may prefer to think of the FIFO operation as 
one in which data (“electrons”) flow from the top of the FIFO to 
the bottom, and vacancies (“holes”) flow from the bottom of the - 
FIFO to the top. In the general case, of course, new data words 
are being input at the top and old ones are being output at the 
bottom at random times, and there is a dynamic and continually 
changing situation within the FIFO as the new data words drop 
towards the bottom and the vacancies bubble up towards the 
top, and they intermix along the way. 


An obvious consequence of this manner of operation in shift- 
register-technology FIFOs is that it takes quite a bit longer fora 
data word to pass all the way through the FIFO than the minimum 
time between successive input or output operations. There are 
various versions of the 67401 and 67402, rated at 5, 7, 10, 15, 167 
or35 MHz over commercial (0°C to +75°C) or military (-55°C to 
+125°C) temperature ranges. Thus, for instance, a 15-MHz FIFO 
can input data words at the top and/or output data words at the 
bottom at a sustained rate of a word every 66-2/3 nanoseconds. 
However, the “fall-through time” tp for these same FIFOs is 
stated in the data sheet as 1.6 microseconds, which is a long 
enough time for 24 words to be input or 24 words to be output! 
There is.in principle also a “bubble-through” time for a single 
vacancy to travel from word 63 all the way back to word 00, 
which should be identical to tpy, and probably is although as 
measured on a semiconductor tester it may differ by as much 
as 50 nanoseconds, which is probably due to artifacts of 
measurement. By the way, the stated operating frequencies and 
the tpy value are “worst-case” (guaranteed) numbers; the 


_ “typical” values observed in actual parts are necessarily 


somewhat better, since semiconductor manufacturers - are 
obliged to take any parts back which customers can prove do 
not meet the worst-case numbers, and some margin of safety 
is always nice (see reference 1). 


Besides Monolithic Memories, other manufacturers of high- 
speed FIFOs include Fairchild Semiconductor, Mostek, National 
Semiconductor, RCA, Texas Instruments and TRW LSI Products 
Slow MOS FIFOs are available from Advanced Micro Devices, 
Fairchild Semiconductor, Texas Instruments, Western Digital 
and Zilog, and FIFOs in development or available at just about all 
of these vendors also offer new bells and whistles which | haven't 
discussed, such as three-state outputs, serial (one-bit-at-a-time) 
as well a parallel data ports, and additional status flags. TRW’s 
new FIFO, for instance, has a “half-full” flag which tells when half 
of the FIFO’s words contain data. Monolithic Memories now has 
the 67413 FIFO which supplies not only this flag, but also a 
second flag which indicates that the FIFO is either.“almost full” 
(within eight words of full) or “almost empty” (within eight words 
of empty, reminiscent of the “yellow warning interrupt” in Digital 
Equipment Corporation PDP-11 computers. This “almost-full/ 
empty flag” can be used as an interrupt to a microprocessor to 
indicate that some action must be taken, and the microprocessor 
can then examine the “half-full flag” to see what it actually has 
to do. 


There are also other design approaches to the insides of a FIFO 
besides the one based on shift-register technology which has 
been described here. For instance, a FIFO may be organized as 
a random-access memory (“RAM”) with two counters capable 
of addressing the RAM right within the chip, an “in-pointer” and 
an “out-pointer.” The counting sequences, of course, “wrap 
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around” from the highest RAM address back to zero. The out- 
pointer chases the in-pointer, the region just traversed by the in- 
pointer but not yet by the out-pointer contains significant data, 
and the complementary region is logically “empty.” This 
approach involves good news and bad news: the good news is 
that the long fall-through time goes away, but the bad news is 
that now reading and writing typically interfere. with each other 
— unless the RAM is “two-port,” they cannot be done 
simultaneously at all. Also, since this approach is more costly in 
“silicon area” than the shift-register approach, it would not result 
in as large FIFO capacities for the same size die or the same 
power consumption. In practice, this approach has only been 
used for MOS FIFOs which have turned out to be quite slow. 


Another design approach is somewhat intermediate between 
the pure RAM approach as just described and the shift-register 
approach. It uses “ring counters” on the chip instead of full- 
blown binary counters. What this means in practice is that there 
are now two extra “tracks” along with the data tracks within the 
FIFO, plus also an input data bus and an output data bus. Single 
“one” bits move along the in-pointer track and the out-pointer 
track, and. the out-pointer chases the in-pointer as before. The 
RAM is effectively two-port, and the two parallel buses both go 
to each and every word. Texas Instruments has announced 
some small (16x4) bipolar FIFOs based on this technical 
approach. Like the pure RAM approach, it gets rid of the fall- 
through time but needs proportionally more silicon area to store 
a given number of bits. 


Designing with FIFOs 


Returning now to the Monolithic Memories 67401 and 67402, if 
what you rea/ly need is a “deeper” FIFO, say 128x4 instead of 
just 64x4, these parts are designed to cascade using a simple 
“handshaking” procedure, without any external logic at all! If 
FIFO B follows FIFO A in the cascading sequence, the Shift In 
‘control input of FIFO B is connected to the Output Ready status 


COMPOSITE 
INPUT READY 


SHIFT IN 


output of FIFO A, and likewise the Shift Out control input of 
FIFO A is connected to the Input Ready status output of FIFO B, 
and the Master Reset control inputs are all tied together. (See 
Figure 5.) That's all there is to it. Any number of FIFOs may be 
cascaded in this manner. 





‘... THE MONOLITHIC MEMORIES 67401 AND 67402... ARE 







DESIGNED TO CASCADE USING A SIMPLE ‘'HANDSHAKING’’ 
PROCEDURE..." 
INPUT READY. SHIFT OUT 
SHIFT IN OUTPUT READY 
DATA IN DATA OUT 


MASTER RESET O 


- COMPOSITE 






Figure 6. 192x12 FIFO 
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lf what you really need is a “wider” FIFO, then you simply 
arrange 64x4 or 64x5 FIFOs side-by-side up to. the required 
width. Then, you use an external AND gate such as a 74S08 
or 74S11 to AND the Input Ready signals of the first rank of 
FIFOs if there is more than one rank, or of the only rank of 
FIFOs if there isn’t. (See Figure 6.) Likewise, a similar AND gate 
is also needed to AND the Output Ready signals of the last rank 
of FIFOs. If you didn’t provide these AND gates and just took 
the Input Ready signal of one FIFO as representative of when 
the whole array was ready, you would be taking the rather large 
gamble that you had correctly chosen the slowest row in this 
array. — and if you chose wrong, 4-bit or 5-bit chunks of your 
input word might not get read correctly into the FIFO where 
they were supposed to go. Ditto on the output side. So like use 
the AND gates. 


Although a humungous number of 67401s and 67402s are in use 
worldwide giving hassle-free service, it should be kept in mind 
that these devices are asynchronous sequential circuits. (One 


definition of “asynchronous sequential circuit” is “a fortuitous 
collection of race conditions,” but that definition is unduly 
sardonic for very carefully designed parts such as these.) If 
your board is subject to noise, or if certain data sheet setup- 
time and hold-time conditions are occasionally not met, errors 
may occur. It is prudent system-design practice to every so 
often allow an array of FIFOs to empty out completely, and 
then issue a Master Reset. (I’m assuming, of course, to start 
with that you're not the kind of turkey who has to be to/d to 
issue a Master Reset as part of your power-up. sequence.) .In 
the event that you still get what appear to be occasional errors, 
very small (say from 22 to 68 picofarads) capacitors from both 
the Shift In control input and the Shift Out input of a FIFO to 
ground will often eliminate these. But by all means start with a 
good circuit board — these are high-speed-Schottky-technology 
circuits, and like to see a lot of ground-plane metal on the board, 
along with other reputable interconnection practices such as 
0.1-microfarad disk capacitors between Vog and ground 
for each chip to bypass switching noise. 
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GQ) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 


@) Input Data is loaded into the first word. 


@) Input Ready goes LOW indicating the first word is full. 


@) The Data from the first word is released for “fall-through" to second word. 


@&) The Data from the first word is transferred to second word. The first word is now empty as indicated by input Ready HIGH. 


If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


Figure 7. Sequence of Events When a Data Word Is Shifted into a FIFO 


The sequence of events which occurs during the operation of 
shifting a new data word into the “top” of a FIFO is shown in 
Figure 7, and the corresponding sequence of events for shifting 


out the bottom word is shown in Figure 8. In both of these © 


figures, it has been assumed that the external logic — whether it 


be the rest of your system, or just another FIFO — refrains from 
raising the respective Shift line to HIGH until the respective 
Ready line has gone HIGH, if the Shift line is raised any earlier, it 
simply gets ignored. 
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OUTPUT READY 
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@) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 


@) Shift Out goes HIGH causing the next step. 
@) Output Ready goes LOW. 


@ Contents of word 62 (B-DATA) are released for “fall through” to word 63. 


Ga) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 


If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


Figure 8. Sequence of Events When a Data Word is Shifted Out of a FIFO. 


When two FIFOs are cascaded as shown in Figure 5, the 
sequences of events shown in Figures 7 and 8 are subject to the 
additional ground rule that the Output Ready line of the FIFO on 
the left in Figure 5 (call it “FIFO A”) is identically the Shift In line 
of the FIFO on the right (call it “FIFO B”). And likewise, the Input 
Ready line of FIFO B is identically the Shift Out line of FIFO A. 
In the terminology we have been using, FIFO A is the “upper” 
FIFO and FIFO B is the “lower” FIFO. Although you do not 
normally need to be concerned about what happens when two 
FIFOs are hooked together for cascaded operation in this 
manner, since the “handshake” occurs quite automatically 
without the rest of your logic having to do anything to make it 
happen, it is an illuminating exercise to consider Figures 7 and 8 
together in this light and see why the cascading works. 


In the general case, both FIFO A and FIFO B are neither 
completely full nor completely empty. Thus, from the descrip- 
tion already given of FIFO internal operation, after some period 
of time there will be a significant piece of data in word 63 or 
FIFO A and a “one” in the presence bit for that word. Since the 
word-63 presence bit is what controls the Output Ready signal, 
the fatter will at some point in time go HIGH, and at that same 
point in time the data word in FIFO A word 63 is present at the 
_ Output lines. Likewise, after some period of time there will be a 
vacancy in word 00 of FIFO B, and a “zero” in the presence bit 
for that word which in turn results in the Input Ready signal 
going HIGH. Remembering now that each of these Ready 
signals is in fact the respectively-opposite Shift signal for the 
other FIFO, it may be seen from Figure 7 that the conditions for 
inputting a word into FIFO B have now been met, and-from 
Figure 8 that the conditions for outputting a word from FIFO A 
_ and allowing the next available piece of data from somewhere 
‘further “up” in FIFO A to enter FIFO A word 63 have also been 


met. The time delays shown in both Figure 7 and Figure 8 from 
the event at 2 to the event at 3, and from the event at 4 to the 
event at 5A, are asynchronous internal-logic-determined times 
of the order of 4 or 5 gate delays, where the gates in question 
are high-speed-Schottky LSI internal gates and have sig- 
nificantly less propagation delay than the SSI gates you can 
read about in data sheets. 


After a single data word has made it across the interface from 
FIFO A into FIFO B, each FIFO from then on behaves in 
accordance with the operating rules already described, with the 
exact sequence of events depending on the rate at which new 
data words are input into FIFO-A and the rate at which old data 
words are withdrawn from FIFO B. The net effect is that the 


_ combination of FIFO A and FIFO B with this hookup behaves 


almost exactly like a single integrated 128x4 FIFO. In fact, the 
“handshake” timing/contro! sequence for getting a data word 
from FIFO A across FIFO B is almost a replica of that which 
occurs within each FIFO, when the internal logic associated 
with word n interfaces with that associated with word n+1 for the 
purpose of allowing a data word to advance from occupying 
word n to filling a vacancy in word n+1. 


Returning now to applying the timing analysis shown in Figures 
7 and 8 to the case of FIFO A and FIFO B operating in cascaded 
mode, notice that each movement (rising or falling) of the Ready 
signal for one FIFO is activated by the movement in the opposite 
sense (falling or rising, that is) for the Ready signal from the 
other part. The two signals, ORA/SIB (meaning “Output Ready 


A” which is the same signal as “Shift In B”) and IRB/SOA, 


cannot both remain HIGH at the same time for more than a few 
nanoseconds, since if they are both HIGH a data word will pass 
between the two FIFOs as already described. So, at the point 


a 
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when both the sequence of events shown in Figure 7 and the 
sequence of events shown in Figure 8 have been completed, and 
consequently ORA/SIB and IRB/SOA have both gone HIGH 
again, another similar sequence of events occurs for both FIFOs 
and another word is passed, and so forth. This process continues 
apace until either ORA/SIB sticks LOW, which can happen if 
FIFO A gets completely emptied out of data words and has 
“zeroes” everywhere in its presence track; or until IRB/SOA 
_. Sticks LOW, which can likewise happen if FIFO B gets completely 
filled and has “ones” everywhere in its presence track. When 
such a deadlock situation occurs, it lasts until a new data word 


has been input into FIFO A and has had time to “fall all the way - 


through” and settle into FIFO A word 63, or until the data word in 
word 63 of FIFO B has been read out and the resulting vacancy 
has had time to “bubble all the way back up” into FIFO B word 00, 
as the case may be. 


Various Uses for FIFOs 


The classical FIFO application, as already mentioned at the 
beginning of this paper, is that of matching the instantaneous 
data rates of two digital systems in a simple, economical way. 
One of the two systems may, for reasons of design economics 
or even of utter necessity, want to emit or absorb data words in 
ultra-high-speed bursts, whereas the other one may prefer to 
operate at a slow-but-steady data rate or even at an erratic rate 
which varies between ultra-slow and slow or even between slow 
and fast. No matter — it’s all the same to an asynchronous FIFO 
such as the 67401 or 67402, as long as the input rate and the 
output rate do match up over a long period of time so that it 
neither fills Up nor empties out. 


There are, however, some additional uses for FIFOs which arise 
from: other, rather different circumstances. For instance, your 
digital system may simply.need some extra buffer storage 
scattered around locally at different points on your block 
diagram, and you and your system may really just not care 
whether this storage is accessed on a random or on a queue 
basis. Under these circumstances, it is ordinarily less hassle to 
use a FIFO than to use a small RAM and come up with some 
extra logic to.generate addresses and timing signals for it. Often 
the FIFO modus operandi is in fact-the natural one for the 
application; as for instance when your system must accumulate 
“a block of 64’characters and then run them by all at once in 
order to examine them for the presence of some control 
character, using some scanning logic — or perhaps even a 
microprocessor — which is otherwise occupied most of the 
time. 


A less obvious but interesting application of FIFOs is as 
automatic “bus-watchers” for jump-history recording for hard- 
ware or even software diagnostic purposes. A FIFO whose 
inputs are connected to a minicomputer’s program counter or 
microprogram counter, or to a microcomputer’s main address 
bus, may be operated so as to record every new jump address 
generated by. the program. This way, if at some point the 
hardware freaks out or the operating system crashes, a record 
exists of the last 64 jumps which were taken before the system 
was .halted, assuming of course that you have provided some 
way for the system to sense that all is not.well and halt itself. 
Such a record of jumps can be very valuable in tracing out what 
happened just before everything went haywire. FIFOs may be 
used in this way either as part of built-in self-monitoring features 
in digital systems, or as part of various kinds of external test 
equipment. 


FIFOs may also be used as controllable delay elements for 
digital information which cannot be used immediately upon 
receipt — perhaps it must be matched against other information 
which is not yet available, or perhaps it must be synchronized 
with other streams of information which are out of phase by a 
varying amount. An example of the latter situation is deskewing 
several bit-streams off a parallel-format magnetic tape, which 
commonly has to be done when high- recording densities are 
used. One FIFO per bit-stream is required — but the net 
resulting logic may still be the most reliable and economical 
way to get the job done, when compared with other possible 
digital designs. Another example is that of using FIFOs as data 
memories in digital correlators; the lag in an autocorrelation 
operation can be set simply by controlling how many words are 
in the FIFO at one time, and so forth. There are even some 
applications in which it is advantageous to operate a FIFO with 
all of its input and output cycles synchronized, so that . 
absolutely all it does is to delay the data by some certain 


‘number of clock intervals. 


References (2), (3), and (4) are formal applications notes 
available from Monolithic Memories, which discuss FIFOs from 
different viewpoints than this paper has taken. Each of them 


‘presents a more detailed explanation of one or more applica- 


tions than there has been room for here. Reference (2) is mainly 
an overall applications survey, reference (3) emphasizes digital 
communications, and reference (4) emphasizes digital spec- 
trum analyzers and also includes an overview of digital signal 


. processing in general. 





>. = 
“A LESS OBVIOUS BUT INTERESTING APPLICATION ee FIFOS ISAS 
AUTOMATIC ‘BUS- WATCHERS”. 
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2. “First In First Out Memories ...Operations and Applications,” 
- applications note published March 1978 by Monolithic 
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3. “Understanding FIFO’s,” applications. note published ay 
Monolithic Memories Inc. The author, Alan Weisberger, has 
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- , magazine article, “FIFOs Eliminate the Delay when Data 


Rates Differ,” in Electronic Design, November 27, 1981. 
Despite the general title, the at Ani ison Boas communi- 
cations applications. 


ae “PROMs, PALs, FIFOs and Multipliers Team ne imbisnient 


‘Single-Board High-Performance Audio Spectrum Analyzer,” 
applications note published by Monolithic Memories Inc. The 
author, Richard Wm. Blasco, also had this note published in 
Electronic Design in two installments, in the issues of August 
20 and September 3, 1981 under the titles “PAL Shrinks Audio 
Spectrum Analyzer” and “PAL Improves Spectrum Analyzer 
Performance” respectively. 
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FIFO RAM controller 
tackles deep data buffering 


; Buffering large amounts of data has long been a source of design 
headaches. Extra large FIFO buffers minimize system bottlenecks 
with an implementation as easy as it is cost-effective. 


Das are turning to innovative architectures to 
extend the performance of computer systems. 
Pipelining is one of these innovations. In pipeline 
architectures, data is buffered temporarily between 
a system’s processing elements. This allows these 
processing elements to work more efficiently. Since 
data transfers can occur asynchronously, designers 
can minimize bottlenecks in data paths and boost 
overall performance. 

Data buffering, however, is sometimes difficult 
and costly to implement. In multiprocessing and 
data communications applications, for example, 
designers encounter the problem of how to buffer 
large blocks of sequential data temporarily with 
minimum cost and trouble. Often, a few thousand 
to tens of thousands of words must be buffered. 

In multiprocessing applications, large blocks of 
data and instructions are passed between the 
various processors. Storing information between 
the processors for a short time lets a sender pass 
data on without waiting for a receiver to finish its 
current task, so the sender can more quickly move 
on to its next task. . 

For data communications applications, large 
blocks of data must be transferred from one node 
to another along a data channel. Temporary buf- 
fering on and off the data channel permits each 


Tom Pai 


Pai is a product marketing engineer at Monolithic 
Memories (Santa Clara, CA). He holds a BSEE from 
the University of California at Santa Barbara. 
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device in the network to work more efficiently. 
Data can be transferred to the buffer when ready, 
and the device is free to move on to the next task 
without waiting for the data channel to be free. 
Buffering large amounts of data, often called 
deep data buffering, can be accomplished through 
several methods. One technique, direct memory ac- 
cess (DMA), sets aside blocks of main memory as 
temporary data buffers. When a request for data 
transfer is received, the DMA controller interrupts 
the processor and takes control of the memory bus. 
The controller then moves the data into memory 
that has been allocated for temporary buffering. 
Looking at the advantages of this buffering 
method, DMA controller chips are relatively inex- 
pensive. Since they require little extra logic, the 
controllers are simple to implement. The DMA ap- 
proach, however, has several drawbacks. First, the 
processor is interrupted every time a data block 
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A FIFO RAM controller provides addressing, control 
and arbitration. In the 674219 buffer, only hand- 
shaking, status flags and buffer control lines are 
visible to the rest of the system. ; 





transfer request is made. To transfer data, the pro- 
cessor must hand over control of the memory bus. 
When many data block transfers occur, system per- 
formance is severely degraded. Large blocks of 
data degrade performance even more. 

DMaA also limits rates and formats of data. Using 
this technique, the maximum data rate is limited to 
‘the system bus data rate. Bursts of rapid data can’t 
be directly accommodated. Besides, DMA opera- 
tion is synchronous with system operation, which 
means that all data transfers—both input and out- 
put—must be synchronous with the system clock. 
Asynchronous data can’t be directly accom- 
modated. Another drawback of DMA is that it 
doesn’t allow for simultaneous input and output 
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operation. This greatly limits the ability of a DMA 
buffer to act as a pipelining element. 

The DMA approach is best suited for systems in 
which low cost is a top priority, and performance 
degradation, caused by interruptions to processors 
during the transfer of data, is tolerable. In effect, 
designers opting for DMA trade overall system per- 
formance, considerations about the rate and for- 
mat of data and immediate access to information 
for inexpensive implementation and simple design. 


RAM approach eases bottlenecks 

Another approach to deep: data buffering in- 
volves dual-port RAM devices. A dual-port RAM is 
placed along the data transfer path and acts as tem- 
porary storage for incoming or outgoing data. 
These devices overcome many of the limitations of 
DMA. Thanks to two independent ports, data 
transfers can be completely asynchronous and 
simultaneous. Since one port can be isolated from 
the data bus, processors don’t have to hand over 
control of the memory bus during data transfer. 

Using dual-port RAMs for data buffering does 
have its disadvantages; to work as a data buffer, it 
requires a lot of external and control logic. 
Counters, comparators and control logic must be 
added to make the dual-port RAM read and write 
data sequentially and prevent buffer overflows and 
underflows from occurring. This external logic can 
add up to large amounts of valuable board real es- 
tate and limits the data rate of the buffer. 

Another disadvantage is cost. Dual-port RAMs 
are 10 times the price of comparable conventional 
static RAMs; a I-k x 8-bit device costs $25 to $30. 
Implementing a 4-k x 16-bit. buffer will cost ap- 
proximately $200 for the RAM device alone. 

A third method of buffering data uses first-in, 
first-out buffers between elements as temporary 
storage sites. These FIFO devices store and output 
the data sequentially. Like dual-port RAMs, they 


In a video teleconferencing 
FIFO system, a video image with a 
ae BENIES resolution of 1,024 x 1,024 pixels 
will generate 1 Mbyte of data 
per image. After a compression 


oats of 32:1, there are 32 kbytes of 


CHANNEL 


LAN compressed data for each image. 


19 KBITS/S 


10 1.2 MBITS/S For optimal system perfor- 


mance, the data is passed to a 
FIFO buffer to wait for trans- 
mission along the data channel. 
The system is then free to begin 
processing the next image. 
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have two independent asynchronous ports. But one 
port is dedicated to input, the other to output. 

FIFO buffers offer an extremely efficient ap- 
proach for data buffering. Virtually no external 
control is required since control and arbitration is 
performed with on-chip logic. Addressing is 
eliminated because data is sequential. The 
streamlined buffering afforded by FIFOs max- 
imizes the data rate, which makes this approach a 
natural for high-performance systems. 

For maximum data rate and design ease, FIFO 
buffers offer advantages over DMA and dual-port 
RAM methods. But the devices are geared for data 
buffering of shallow-to-medium depth. Large data 
blocks are buffered only by using an array of 
FIFOs, which requires: large amounts of board 
‘space, making FIFO buffers too expensive and in- 
efficient for applications with large data amounts. 


‘FIFO RAM controllers tackle deep data . 
When deep buffering is required, very large 
FIFO RAM buffers reduce:the costs and space 
problems of conventional FIFO techniques. 
Devices such as the 674219 FIFO RAM controller 
from Monolithic Memories (Santa Clara, CA) can 
accommodate large amounts of data in high- 
performance systems. These devices provide the ad- 
dressing, control and arbitration logic that enables 
an array of RAMs to function as a FIFO buffer. 
One advantage of this kind of device is the large 
amount of data it can handle. Using: inexpensive 
single-port static RAMs (or dynamic RAMs with 
additional external logic), designers can implement 
a fast, fully asynchronous buffer that can tem- 
porarily store from 512 to 65,536 words. In the case 
of the 674219 FIFO RAM controller, a perfor- 
mance of 12 MHz can be attained. During simul- 
taneous input and output operation, a data rate of 
6 MHz is possible. 
With two registers for data latching, a few logic 
gates and a RAM array, these devices can replace 
any system function block calling for large data 
_ buffers. All of the control, arbitration and status 
_ logic is placed on a single device, greatly simplifying 
large FIFO buffer designs. Information about the 
buffer is provided by four status flags: full, empty, 
half-full and almost-full/almost-empty. The full 
_and empty. flags buffer overflow and underflow. 
When the buffer is full, attempts to write data into 
the buffer won’t be acknowledged. Data already in 
the buffer, however, won’t be lost. Similarly, the 
empty flag prevents false data from being read out. 
Status flags also help increase the efficiency of 
buffers and optimize system performance. 


Together, the half-full and almost flags can in- | 
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Two internal counters generate addresses for the 

RAM array to function in a first-in, first-out 

manner. A third counter in the FIFO RAM controller. 
generates status information with four flags: full, 
empty, half-full and almost-full (16 word locations to — 
full)/almost-empty (only 16 words remaining). This 
counter is programmed by buffer-size select inputs to 
provide the proper status information for the buffer. 





dicate when the buffer is almost empty and trigger 
a signal to the source for more data. This ensures a 
steady stream of data to the receiver. In systems 
where a receiver, such as a peripheral, is operating 
at a much slower rate than the source, such as a pro- 
cessor, the processor can send data in high-speed 
bursts to the buffer and then attend to other tasks 
while a peripheral accepts the data in. a steady, 
uninterrupted stream. ae 


Dual-pointer FIFO architecture ; 

FIFO RAM controllers implement a RAM-based 
FIFO architecture, which uses two pointers. The 
write pointer contains the address of the next 
available location in the RAM array to be written 
and the read pointer has the address of the next 
location for data to be read. When either pointer is 
used to access the memory array, it’s incremented 
automatically to point to the next available loca- 
tion. When the pointer reaches the last location, it’s 
reset to zero and the procedure continues. 

A third counter provides status information, 
generates flag logic and prevents overflow 
and underflow. The -size select inputs pro- 
gram this counter to give the proper status informa- 
tion to the buffer. 


In the cycle of a typical system, the buffer is reset 
with the Master Reset (MR) pin. This sets the read 
and write pointers to zero and activates the empty 
flag. A write cycle is initiated by a Write Request 
(WREQ). The Write Ready (WRDY) line goes low, 
acknowledging the request. A Write Register Clock 
(WREGCK) pulse from the FIFO RAM controller 
latches the data into the write register. Data is then 
written to the RAM array at the address location 
provided by the write pointer. When the buffer has 
valid data, the empty flag will go low, indicating 
that a read can take place. The read cycle follows 
the same sequence as the write cycle. 

Since a FIFO RAM controller uses low-cost, 
single-port RAMs, arbitration is needed to resolve 
simultaneous read and write requests. On-chip ar- 
bitration logic determines which request is serviced 
first. The second request is acknowledged, but will 
not be serviced until the first request is completed. 

Conventional FIFO buffers are based on shift 
registers. Data is shifted from register to register to 
the top of the stack, and then to the output port. 
The time it takes for a word to move from the input 
port to the output port is called ‘‘fall-through,’’ 


and it is dependent on the depth of the FIFO buffer. 

By contrast, FIFO RAM controllers implement a 
RAM-based buffer. In this scheme, pointers are in- 
cremented as each read or write occurs. Since data 
doesn’t physically move, fall-through time is 
eliminated. What’s more, external control of the 
RAM array buffer is possible by disabling both the 
Write Enable (WEN) and the Read Enable (REN) 
to impose three states on the address lines from the 
FIFO RAM controller to the RAMs. 

By reducing the cost and space requirements of 
FIFO buffering, FIFO RAM controllers offer 
systems designers an efficient and cost-effective 
method to buffer large amounts of data. Using 
these devices, designers can minimize system 
bottlenecks in data paths and processing elements 
and can boost overall system performance. cD 
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Team up to Implement. Single-Board 
_ High-Performance Audio Spectrum Analyzer 


This application note illustrates a high-performance audio spec- 
trum analyzer. This circuit can analyze high fidelty audio signals 
with a resolution of 20 Hz and an input bandwidth of 20 kHz. It is 
useful in production test, performance evaluation, or adjustment 
of high-fidelity audio equipment. The analyzer provides a sweep 
generator output for rapid analysis of audio filter frequency 
response. 


The design techniques used to implement the analyzer are quite 
general, and can be applied to a wide variety of DSP tasks. An 
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understanding of the approach used will suggest solutions to a 


number of DSP problems. The architecture chosen for the spec- 


trum analyzer is controlled by a microprogram stored in PROM. 
Many other applications can be accommodated by changing the 
microprogram. The high performance of this architecture pro- 
vides an attractive price/performance alternative to other DSP 
approaches. 
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Introduction 


This application note illustrates a high-performance audio spec- 
trum analyzer. This circuit can analyze high-fidelity audio sig- 
nals with a resolution of 20 Hz and an input bandwidth of 20 kHz. 
It is useful in production test, performance evaluation, or 
adjustment of high-fidelity audio equipment. The analyzer pro- 
vides a sweep generator output for rapid analysis of audio filter 
frequency response. 


The design techniques used to implement the analyzer are quite 
general, and can be applied to a wide variety of DSP tasks. An 
understanding of the approach used will suggest solutions to a 
number of DSP problems. The architecture chosen for the 
spectrum analyzer is controlled by a microprogram stored in 
PROM. Many other. applications can be accommodated by 
changing the microprogram. The high performance of this 
architecture provides an attractive price/performance alterna-. 
tive to other DSP approaches. 


Spectrum Analyzer Functions 


The spectrum analyzer requires many of the functions com- 
monly used in DSP. Figure 1 shows the analyzer functions. An 
input signal is mixed with a swept audio sinewave oscillator 
(below). - 


Frequency Sweep 


The frequency sweep acts as a sampler, starting from DC and 
increasing to its maximum frequency. 


Mixing is accomplished by multiplying the input signal by the 
sinewave. From basic trigonometry: 


cos wit X cos wat = 1/2 cos (wy + wa)t + 1/2 cos (w4 -wa)t (1) 


The mixing process generates two new sinewaves whose fre- 
quencies are the sum and difference of the input sinewave 
frequencies. When the sinewave oscillator matches the fre- 
quency of an input signal component, a DC term is generated in 
proportion to the amplitude of that component: 


cos wit X cos wit = cos2 wit =1+2 cos wit 


The DC term is extracted by a narrow lowpass filter. Due to the 
finite bandwidth of this lowpass filter, mixer output signals 
whose frequencies fall within the filter passband also appear at 
the filter output. As a result, the analyzer output will represent 
the energy contained in a range of frequencies, from the sine- 
wave frequency minus the filter cutoff frequency, to the sine- 
wave frequency plus the filter cutoff frequency. The effective 
bandwidth of the analyzer is twice the lowpass filter bandwidth. 


MIXER 

INPUT OUTPUTS 
SIGNALo-+{ » OVERTICAL 
DC-20 kHz 








OHORIZONTAL 
SWEPT 
SINE WAVE 
OSCILLATOR 


SWEEP 
GENERATOR 


Figure 1. Spectrum Analyzer Functions 


ovcOo 


A detector converts the lowpass filter output to a DC voltage 
representing the total energy in the filter passband. If this DC 
voltage is plotted on a vertical axis with the sinewave oscillator 
frequency (represented by the sweep voltage) controlling the 
horizontal axis, a spectrum of the input signal results. 


Other mixing schemes can be used to extract the spectrum. . 
However, this “direct conversion” approach has two significant 
advantages. As shown in Figure 2, the swept oscillator output can 
be used to plot the frequency response of an audio filter. Other: 
schemes require additional mixing to achieve the same results. 


OSCILLOSCOPE 









SPECTRUM 


FILTER ANALYZER VERS 
UNDER TEST m none 
vco 


Figure 2. Filter Test Mode Setup 





The direct conversion scheme confines the frequencies of all 
signals following the mixer to the lowpass filter bandwidth. 
Limiting the signal bandwidth has great benefit when the 
analyzer is implemented digitally. This benefit can be better 
understood with a brief review of DSP theory. 
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Digital Signal Processing 
Theory Review 


Digital signal processing is accomplished by first converting the 
continuous analog input signal to a series of digital numbers. 
The digital numbers are then manipulated to perform the 
required signal processing. The processed digital numbers are 
then converted back to a continuous analog signal, completing 
the processing. The functions required for DSP are shown in 
Figure 3. 


ANALOG ———»-—- DIGITAL ———>-— ANALOG 


ALIASING SMOOTHING|OUT 
© ® © 


Figure 3. DSP Functions 
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Sampling 


Representing a continuous input signal would require an infinite 
array of digital numbers..A finite collection of digital numbers 
can be obtained by considering the signal amplitude at discrete, 
periodic points in time. This process is called sampling, and is 
equivalent to multiplying the input signal by a periodic train of 
impulses of unit amplitude. The sampling theorem states that 
the input signal can be reconstructed without distortion if the 
input is bandlimited to contain no frequency components 
greater than half the sampling frequency. The sampling theorem 
means that the discrete samples completely represent the input 
signal, as long as the bandwidth constraint is met. 


Aliasing . 

What is really happening during the sampling process? Consider 
the Fourier series representation of a periodic unit impulse train. 
It can be shown that: 


k =o ' : 
f(t) = > cos (2rk fgt), k = 0, 1, 2, 3,... 
‘ = 68 * (2) 
1 ; 
sample period 
The periodic impulse train is equivalent to a series of sinusoids 
consisting of all harmonics of the sampling frequency, including 


. where f, = 


_~INPUT SIGNAL 





FREQUENCY—~DC ts/2 ts 2+ts 3+fs 


Figure 4. Aliasing Spectra of Figure 3 DSP Functions 


a DC term. Recalling Eq. (1) all possible sum and difference 
frequencies will be generated when the impluse train and the 
input signal are multiplied. This process is shown graphically in 
Figure 4. Observe that if the input contains frequencies greater 
than half the sampling frequency, the spectra in Figure 4 will 
overlap. This overlap phenomenon is known as aliasing distor- 
tion, and introduces noise in the signal. 


Another consequence of the sampling process is that high- 
frequency signal components near a harmonic of the sampling 
frequency will be mixed to produce new signal components near 
DC. These new components have frequencies within the desired 
signal passband, but are really “alias” high-frequency compo- 
nents. The phenomenon is called aliasing. 


To eliminate the undesirable effects of aliasing, a continuous 
analog lowpass filter is placed before the sampler. This aliasing 
filter removes frequency components beyond the f,/2 limit. 


Quantizing 


The input samples are converted to a series of digital numbers by 
an analog-to-digital (A/D) converter. The A/D converter operates 
by quantizing the continuous sample amplitude into a finite 
number of amplitude ranges, and then assigning a digital 
number to represent the quantized amplitude value. As might be 
expected, this process introduces noise in the signal, known as 
quantization distortion. The quantization distortion is in the form 
of a “white” or broadband random noise, whose RMS ampli- 
tude is: 


2_ 15-2b 
o” = 75° (3) 


where b is the number of bits in the output 
digital word, excluding the sign bit 


The effect of aliasing on quantization noise is to alias high 
frequency noise components to the DC to fs/2 range. The result- 
ing noise spectral density is equivalent toa wns noise of ampli- 
tude 02, bandlimited to fg/2. 


Dynamic Range 


The A/D output contains a finite number of bits. Dynamic range 
is: defined as the ratio of the maximum-to-minimum signal 
amplitude that can be represented by the digital numbers. 
Dynamic range is determined by the number of bits in the digital 
numbers, and by the noise “floor.” 


For a digital number containing 'b bits plus a sign bit, the 
dynamic range would be: 

__ Dynamic range (dB) = 10 logy gee (4) 
The noise floor is the sum of all noise components that can 
appear at the DSP output. The :primary noise factors are 
quantization noise and limit cycle noise (to be discussed 
shortly). Digital filtering will affect the noise floor by eliminating 
components of the noise signal. For example, the quantization 
noise at the DSP output is: 


: 2 BW 
Ng (dB) = 10 logy [7s a 6) 


where BW is the net bandwidth of the digital filters 


The noise components are uncorrelated, and are therefore 
combined by adding the power of each noise component. 
Remember that 


Power (absolute) = log, a [ Power (aBy/0 | (6) 
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The resulting dynamic range is: 


05 
10 lo rere intacs e 
940 X Noise Power 


where 0.5 = the maximum mean-squared amplitude 


Dynamic range (dB) = (7) 


The overall dynamic range is the lesser of the result given by Eq. 
(4) or Eq. (7). In a practical system, the width of the digital 
numbers can vary. The dynamic range is usually calculated for 
all critical points in a digital system, with the overall dynamic 
range being the worst case value. 


Digital Processing 


The digital numbers from the A/D converter are manipulated to 
process the signal. Carrier generation, filtering, and nonlinear 
operations are performed by appropriate “number crunching”. 


Generation of sinusoidal carriers is easily accomplished using a 
linear ramp function (digital up/down counter) and converting 
the results to sinusoidal samples using ROM lookup tables. 
Alternately, recursive equations can produce the desired carriers. 


Nonlinear operations on the digital numbers must be handled 
with care. Since aliasing is always present in the sampled 
domain, harmonics generated by nonlinear operations can alias 
to lower frequencies. The aliasing occurs “immediately,” since it 
can be shown that performing a nonlinear operation in the 
sampled domain is equivalent to first performing the nonlinear 
operation on a continuous signal‘and then sampling the result 
without bandlimiting the sampler input. 


The sampling rate can be changed to improve the efficiency of 
the digital processing. For example, discarding every other 
digital number would reduce the effective sampling rate by a 
factor of two. If the processing at the higher sample rate 
includes digital aliasing filters to remove components greater 
than half the lower sample rate, the requirements of the 
sampling theory are still met. The sampling rate can be 
increased by repeating digital sample values. This repetition is 
equivalent to a “sample and hold” operation, and modifies the 
signal spectrum by 
F’ (jw) = F(jw) x sin (wT/2 
wT/2 (8) 
poreue 2 X freq 
= input (longer) sample ‘satiod 


The effects of Pret the sampling rate are best determined 
by plotting the resulting aliasing spectra. : 


Digital Filtering 
Digital filtering is accomplished using multiplication, addition, 
and delay. For example, consider the biquadratic filter section 
in Figure 5. If z~] is defined to be a unit sample period delay 
operator, then the input-to-output transfer function of the 
biquadratic section is: 
| lta, + a 
AZ) =. aa oe ~ (9) 
1+ b,z7! + baz 

The biquadric sections can be cascaded to implement higher- 
order filters. — 


The Laplace transform of a unit delay is e ST, where T is the 
delay period. Remember that z~' represents an inverse opera- 
tor, so that z X z~' = 1. Thus, 


z=e 5! wheres=at+jw (10) 


XN YN 





X' N-2 
X'N = Xy -byX' N-1 - b2X' N-2 
YN = Xn +a1X' N-1 + 82 X'N-2 


Figure 5. Digital Biquadratic Filter Section 


Digital filter poles and zeroes (in the z-plane) can be mapped 
into the s-plane to determine the equivalent analog filter 
function, and vice-versa. The digital filter section of Eq. (9) 
corresponds to an analog biquadratic filter section with, 


2 2 

s*+a,Ww,st+w 

oO oO . 

H(s) = IE) (11) 
s° t+ ay Wy s+ Wy 

However, the periodic nature of the eS! function causes the. 

digital filter passband to repeat periodically. The effect is the 

same as aliasing. The analog filter response is mixed with the 

sampling frequency harmonics to generate the true digital filter 

response. 


Designing Digital Filters 

How does one go about designing a digital filter? One approach 
is to perform a least mean squared error optimization using a 
computer. The desired function is specified, and the computer 
adjusts the a, and b, values until the desired response is 
achieved. 


A second approach is to design an equivalent analog filter and 
then convert that design to a digital filter. This approach has 
great merit, since analog filter design theory is well developed. 
However, the digital passband will be distorted if the analog 
equivalent filter has significant response to frequencies greater 
than f,/2. The aliased passbands overlap at that point. 


To circumvent this problem, the analog filter function can be 
modified to compensate for the aliasing effects. The analog 
transfer response is modified using several transforms to» 
compensate for aliasing. Unfortunately, the nature of the 
s-plane to z-plane mapping is such that no transform can 
compensate for all aliasing effects without introducing other 
forms of distortion. 


The standard (or impulse invariant) z-transform represents a 
direct mapping-to the z-plane. No frequency, amplitude, or 
phase distortion is introduced, but aliasing effects are not 
compensated. This transform should be used when the analog 
filter has negligible response to frequencies greater than fo/2. 


The bilinear z-transform preserves the filter amplitude response 
in the presence of aliasing. However, the bilinear transform 
introduces a distortion or warping of the frequency axis. As a 
result, only the filter cutoff frequency can be accurately trans- 
formed, using a pre-warping technique. Frequencies within the 
filter passband remain warped, introducing phase distortion in 
the digital filter response. The bilinear transform is used when 
the filter amplitude response is more critical than the phase 
response. 
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. The matched z-transform preserves the filter phase response at 
the expense of amplitude response distortion. However, this 
amplitude distortion, unlike the aliasing distortion, can be 
corrected by placing additional zeroes in the transfer function. 
The matched transform is used when the filter phase response is 
critical, and either the amplitude response is not critical or the 
additional compensation zeroes can be accommodated. 
Performing the transforms by hand is quite tedious. Fortunately, 
computer programs are widely available which handle the 
complete filter synthesis procedure, including z-transforms and 
pre-warping. ; 


Limit Cycle Noise 


An effect of using digital numbers with a finite number of bits is 
the generation of quantization noise. When implementing digital 
filters, the quantization noise introduces oscilaltions that are 
analogous to ringing in analog filters. These oscillations are 
called limit cycles. The limit cycle generates a noise which peaks 
at frequencies corresponding to the filter pole frequencies. The 
noise power is roughly proportional to pole Q. Limit cycle noise 
for a second order filter section of Equation (11) is given by: 


2b 1+ 12 1 
1-124 +1-2r 2cos 2w 





eo 
Nj (4B) = 10 log yq( 52 (12) 


where b = number of digital number bits (excluding sign. bit) 
pole freq. = wy 


pole Q = t/a, 
_ ,_pole freq. . -w 
weer f ESEXPS, pole q) 


$ 


The limit cycle noise must be calculated for each complex pole 
pair, and adjusted to reflect the response of subsequent filter 
stages to the limit cycle frequency. Computer programs can 
calculate limit cycle noise power, including all of these considerations. 


Output Signal Reconstruction 
Once manipulation of the digital sample numbers is complete, 


the resulting digital numbers must be converted back to a © 


continuous analog signal. Referring back to Fig. 3, a digital-to- 
analog (D/A) converter transforms the digital numbers to a 
series of analog output pulses. 


A sample-and-hold (S&H) circuit eliminates transients that are 
introduced during the D/A conversion process. The spectrum of 
the S&H output is modifed as follows: 


7 t sin (wt/2) 
S&H F' (jw) = F(jw)> aaa 


where t = hold time T = sample period 


An output smoothing filter completes the reconstruction by 
removing all components with frequencies greater than f,s/2. 
The smoothing filter is often optional, depending on the impor- 
tance of removing the high-frequency output components. 


The spectral effects of reconstruction are shown in Figure 4. 


Implementing the Spectrum Analyzer 


The architecture used for the spectrum analyzer is shown in 
Fig. 6. Input signals are digitized and buffered with FIFOs before 
interface with a common 16-bit data bus. The 16-bit arithmetic 
unit (AU) provides multiply and accumulate operations. A 16-bit 
wide RAM stores intermediate results. A 16-bit temporary 
register facilitates z71 delays and data movement. Outputs 
are provided using a D/A converter and S&H circuits. 


The VCO output is buffered using FIFOs to provide a uniform 
high-speed sample rate. The VCO output is 12 bits wide, 
providing a signal-to-quantization noise ratio of 91 dB, using 
Equations (5) and (7). The calculation assumes a 500-Hz band- 
width. A smoothing filter at the VCO output is not necessary. The 
filter test configuration of Figure 2 allows the input aliasing filter 
to remove the effects of VCO high-frequency components, as 
long as the filter under test is a linear analog circuit. 


The vertical and horizontal outputs are intended to interface an 
oscilloscope or X-Y plotter. The sampling of these outputs can 
be non-uniform, as long as the outputs track each other. The 
elastic storage at the input and VCO interfaces permits arbitrary | 
non-uniform processing of the analyzer functions. 


The 16-bit resolution of the internal data word provides 90-dB 
dynamic range according to Equation (4), or 115-dB dynamic 
range according to Equations (5) and (7), assuming 500-Hz 


- bandwidth and no limit cycle noise and aliasing. 
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Figure 6. Analyzer Architecture 


Microprogram control was selected for the analyzer. PAL devi- 
ces can efficiently implement sequential state machines. It is 
possible to encode all control information in PAL devices, but 
only three packages would be saved (one PROM and two 
buffers). Distributing the control among several PAL devices 
would reduce flexibility and make corrections very difficult. The 
few extra packages required for microprogram control provide 
an extremely flexible architecture and greatly simplify the PAL 
device functions. 
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With the theoretical background and architecture in mind, the 
spectrum analyzer functions can be defined in detail. The objec- 
tive is to realize a circuit capable of high-resolution analysis of 
audio signals in the DC to 20-kHz range. Selectable bandwidth 
and linear/logarithmic output display are highly desirable. 
Detailed functions are shown in Figure 7. 
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Figure 7. Detailed Functional Diagram 
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Input Aliasing Filter 


An analog lowpass filter removes high-frequency components 
from the input signals. With a sample frequency of 50 kHz anda 
maximum input frequency of 20 kHz, the lowest aliasing fre- 
quency is (50-20) = 30 kHz. 


An eighth-order Chebychev filter with 0.1-dB passband ripple 
will provide 44 dB of attenuation at 30 kHz, and 86 dB attenuation 
at 50 kHz. It is desirable to provide at least 60-dB overall dynamic 
range for high-performace analysis. To eliminate spurious 
responses above the -60-dB “floor,” the input signal should have 
all components above 30 kHz suppressed by at least (60-44) = 
16 dB. Most input signals will meet this fequiterient If not, 
additional filtering must be provided. 


S&H and A/ D Converter 


The input S&H maintains a constant sampled signal level while 
the A/D conversion is in progress. No sin X/X correction is made 
for this S&H since the net effect of the S&H plus A/D action is an 
impulse sample at the start of the “hold” period. 


The A/D conversion time should be less than 16 ws. The A/D 
converter output digital number should “saturate” when the 
input signal exceeds the maximum level. The digital numbers 
should be in inverted two’s complement form. The S&H 
acquisition time should be less than 4 ys. 


For a full 60-dB overall dynamic range, a 12-bit A/D is required. 


Mixer 
The mixer multiplies the A/D output by the swept sinewave 
oscillator value. The multiplication produces sum and difference 
frequencies, according to equation (1). 


Two's complement fractional arithmetic is used throughout the 
analyzer. Multiplication cannot overflow, since all numbers are 
less than 1 in magnitude. 


Swept Sinusoidal Oscillator (VCO) 


A precision swept sinusoid from DC to 20 kHz must be 


generated to mix with the input signal. A technique particularly . 


well suited to this application is solving the two equations: 


sin (x+y) =sinxcos y + cos xsiny (13) 
cos (x+y) =cosxcosy-sinxsiny | (14) 


These two trigonometric identities generate a new sin and cos 
value with y representing the phase shift per sample period. The 
technique is a “CORDIC” algorithm, based on coordinate 
rotation. Exact results are produced, but truncation and round- 
off errors due to the finite digital word length can cause a slow 
change or “drift” of carrier amplitude. Fortunately, the swept 
sinusoid is periodically reset in the spectrum analyzer, arresting 
this amplitude drift. 


The VCO frequency is swept by varying the value of y. However, 


since equations (13) and (14) require sin y and cosy, an identical 
CORDIC algorithm is used to obtain these values. To sweep the 
VCO, then, sin.\ and cos.\ are placed in RAM, selected by the 
bandwidth setting. These are two fixed numbers originally stored 
in PROM, and represent the frequency shift per sample time. 
Equations (13) and (14) are then applied to calculate sin y and 
cos y, which represent the desired phase shift per sample time. 
Equations (13) and (14) are executed again to Di gorieials the 
actual sinusoidal output. 


The calculation of:sin y and cos y can take place at a reduced 
sample rate to save processing time. Only the last execution of 
equations (13) and (14) must be performed at the full 50-kHz 
sample rate. 


A linear ramp is generated to provide horizontal drive for an 
oscilloscope or X-Y plotter. The ramp is incremented each time 
the sin y and cos y values are updated, tracking the VCO sweep. 


When the ramp value overflows, the analyzer sweep eyele! is re- 


initialized. 





Figure 8. All-Pole Digital Filter Section 


Digital Filters 


Fig. 8 shows the implementation of the all-pole digital filter 
sections. Because of the low pole Q values in all filters, the 
second order sections can be simply cascaded to implement 
high-order filters. Fig. 8 shows a technique for handling 
coefficients greater than 1 with fractional number representa- 
tion. ; 


Scaling must be performed to ensure macmun dynamic range. 


Filter sections with high-Q poles will show peaking of signals. 


near the pole frequencies. The input to such sections must be 
scaled down to prevent overflow of the arithmetic. For a second- 
order all-pole section, this peaking factor is exactly the Q of the 
poles. Thus, when a given second-order section has a pole Q of 
2, the input signal to that section must be multiplied by 0.5 to 
prevent overflow. When the Q is less than or equal to 1, no 
scaling is performed. 


Saturation arithmetic is not provided in this architecture. Careful 
scaling eliminates the need for saturation arithmetic, since the 
A/D will saturate at a precisely Known value. 


Aliasing Filters 


Two. 4th-order. Chebyschev filters permit reduction of the 
sample rate following the mixer. Each filter provides 0.3 dB 


passband ripple and at least 68 dB attenuation of aliasing 


components. The slightly high passband ripple is acceptable, 
since subsequent filters will dominate the composite passband 
shape. 


The first filter permits a sample rate reduction factor of 16. It is 
designed with a passband cutoff frequency. of 479 Hz and a 
sample rate of 50 KHz. Eq. (12) predicts the limit cycle noise for 
this filter to be -58 dB. 
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The second filter permits a second sample rate reduction factor 
of two. Its cutoff frequency is 219 Hz, with a sample rate of 
3.125 kHz. Equation (12) predits the limit cycle noise for this filter 
to be -83 dB. This filter also provides an additional 14-dB 
attenuation of the limit cycle noise generated in the first aliasing 
filter, reducing the limit cycle noise from the first filter to -72 dB. 


These two filters permit an overall f, reduction factor of 32 
before processing the Bessell filter, detector, and linear-to-logo 
functions. This results in a very substantial throughput improve- 
ment. Net execution time is determined by the time to execute a 
given function multiplied by the sample rate for that function. 
Thus 32 instructions at the reduced rate will increase the net 
execution time by an amount equivalent to only 1 instruction at 
the full sample rate. 


Fig. 9 shows the aliasing spectra of the Pee rate reduction 
process. 


INPUT FILTER 
MIXER 1ST ALIASING > 1ST ALIASING 
OUTPUT } FILTER FILTER y 
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An ANKE am it 






1ST ALIASING 
FILTER 
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(fs = 3.125 kHZ) 


2ND ALIASING 
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(fs = 1.56 KHZ) il 
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Figure 9. Aliasing Spectra for f, Reduction 


Lowpass Filter 


A 4th-order Besse! lowpass filter determines the overall band- 
width of the analyzer. The overall. bandwidth is twice the 
bandwidth of this filter. Overall bandwidths of 20, 50, 100 or 500 
Hz are provided by loading the proper set of filter coefficients 
into RAM when the bandwicth is selected. 


The Bessel filter provides an optimal transient response for the 
analyzer. Good transient response is important, especially at 
narrow bandwidths, since the spectral peaks are swept with 
respect to the fiter passband. The net effect is similar to pulsing 
the filter input. Because the phase response is critical, the 
matched-z transform is used to convert the analog Bessel design 
to the z-domain. 


The second aliasing filter provides 3 dB of attenuation at 250 Hz. 
When cascaded with the Bessel filter, which also provides 3 dB 
attenuation at 250 Hz in the 500 Hz bandwidth mode, the 
response at this bandwidth is modified. However, since the 
overall bandwidth is relatively broad, good transient response is 
still achieved. Cascading these two filters provides a “transitional” 
filter. with a Bessel response at low attenuation and a 
Chebyschev response at high attenuation. At bandwidths less 
than 500 Hz, the combination produces an optimal tradeoff 
between transient response and resolution. 


Analysis of Equation (12) reveals that limit cycle noise increases 
exponentially as the pole frequency is reduced. Operating the 
lowpass filter at the lowest possible sampling frequency (1.5625 
kHz) minimizes limit cycle noise, in addition to improving 
throughput. Limit cycle noise for the lowpass filter will be -95 dB 


at the 500-Hz bandwidth, increasing to -67 dB at the 20-Hz 
bandwidth. 


Detector 


A square-law detector provides a DC signal corresponding to 
the energy at the lowpass filter output. From trigonometry: 


2 _ A? 
(A cos wt)” = > (1+ cos 2wt) (15) 


The detector output contains the desired DC term and a single 
undesired term at frequency 2w. If the square law is ideal (easy 
in the digital domain), no additional terms are produced. The 
elimination of harmonics ensures the accuracy of the detector 
with f./32 = 1.5625 kHz. The highest component is always less 
than f,/64 with a 250 Hz maximum lowpass filter cutoff 
frequency. However, 2w can be anywhere from DC to 500 Hz as" 
the VCO sweeps past the spectral component. 
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Figure 10. Detector Sweep Filtering 


Fig. 10 illustrates a technique to render the effects of the 2w 
terms negligible. The analyzer passband is divided into n equal 
intervals. The VCO sweep rate is controlled so that the VCO 
sweeps BW/n per f,/32 interval. The detector is followed by a 
single-pole lowpass filter with a 3 dB frequency of BW/n. As the 
VCO sweeps a component through the passband, the DC termis 
present in all n intervals, but the 2w term. can affect only one 
interval. The worst-case DC error is 1/n for an ideal cutoff, and 
is multiplied by (29+271 +273 +2~4 +275 +9755 49-6 4 
2-65 +9-7 +2-7.25 +.) = 1.85 due to the finite 6 dB/octave 
rolloff of the ‘single-pole filter. Further analysis reveals that: 


1.85 


= —— (16) 
102/10 _4 


where e represents the resulting error in dB. For e = 0.1 dB, 
n = 80. ; 
In the filter test mode, the signal frequency and VCO frequency 
are the same, forcing w = 0. The detector has no error in this 
mode, but has a 3 dB gain due to the second DC term. 

The detector output represents signal energy. Each bit in the 
detector output word thus represents only 3 dB, and 21 bits are 
required to reflect a 60 dB dynamic range. Double precision 
arithmetic is required for the detector ouput and the single-pole 
filter. The 67C7560 multiplier will handle double precision calcu- 
lations with:a time penalty. Fortunately, the calculations to be 
performed are simple and the operations take place at the 
minimum sample rate, reducing the impact on throughput. 


Linear-to-Log Conversion 


The architecture of Figure 6 is customized to provide an efficient 
algorithm for linear-to-logarithmic output conversion. The RAM 
address generator monitors the 8 MSBs of the data bus, and can 
provide a number indicating the MSB position of a positive 
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number. This output is used to retrieve a lookup table value. 
This value is used to scale the data word to quickly left-justify 
the MSB. A second 4-point lookup table is then used to improve 
the accuracy of the resulting logo conversion. A logs con- 
version is adequate, since: 


logs x 
log910 





10g 49x = (17) 


Equation (17) demonstrates that the output can be displayed in 
decibels by setting the oscilloscope or X-Y plotter Y-axis gain to 
the proper value. 
Two lookup tables provide .027 dB accuracy for output values 
from 0 to -45 dB, and 3 dB accuracy from —45 to -84 dB. The 
logarithmic accuracy is limited by the 10-bit output word length 
to the D/A. This output can represent 0 to -84 dB in .082 dB 
increments. The accuracy of the 4-point lookup is therefore 
sufficient. 

The logarithmic conversion procedure is as follows: 

1) If the MSB of the data word is not among the 8 MSBs into the 
address generator, multiply the word by a? = 128, and 
increment the output number by 7. Repeat until the data 
word is greater than 2-7, but no more than three times. 
Set a flag if this step is executed more than once. 















2) Look up the appropriate scale factor, from 29 to 26. Add 
logy of the scale factor to the output word. The conversion 
is now accurate to 3 dB. 


3) If the flag was not set during step 1, multiply the data word 
by the scale factor to left-justify the MSB position. 


4) If the flag was not set during step 1, retrieve an intercept 
and slope value from the 8-word lookup table (four pairs 
available). Perform a linear interpolation using: 


x =axt+b 
where ais the slope value (18) 
bis the intercept value 
The conversion is now accurate to .027 dB. 


5) Scale the result to provide 84-dB output range with a 
10-bit word. , 


6) Subtract 271 from the output to convert it to two’s com- 
plement form for the D/A. 


The calculations are double precision for steps 1, 2, and 3, and 
single precision thereafter. The conversion sequence can be by- 
passed using a strap option to provide a linear amplitude output 
from 0 to -30 dB. 














20 kHz LOWPASS FILTER INPUT BUF. DATA BUS ARITH. 
a Bi] g A/D 67401 LL, aa AL 
LPF CONV | LS a 
ca ; | 
. Ls 
oSIG IN 244 b 
(10V-PK) 5 
Bi 8 MHz 
FIR 
8 MHz—b PAL 16R8 FOR 16 
(STROBE GEN) ae INS TEMPORARY REG. 
OP7 d j—STT 
7 SS Ops 8 74LS373 | 74LS373 b_ ENT 
* ENR 
—— 
32x16 RAM 16 
OP1 (LLC) 
OPO (DLC) 







OUTPUT 


STRAPS 






Figure 11. Simplified Schematic Hi-Fi Audio Spectrum Analyzer 
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Control Logic 


Figure 11 shows a simplified schematic of the analyzer. All 
critical components are shown. Bypass capacitors and some 
component input connections are omitted for clarity. 


The microprogram is stored in three 635281 PROMs. The 
microcode word formats are shown in Figure 12. A wide, highly- 
parallel instruction word ensures maximum flexibility and pro- 
gram efficiency. ; 


Eight PAL devices interpret the instruction word and control the 
analyzer. Two additional PAL devices generate a 50-kHz strobe 
from the 8-MHz master clock, and implement the output D/A 
multiplexer. The control PAL devices function as follows: 


Sequencer: A PAL20X8 implements an 8-bit instruction sequen- 
cer. The sequencer performs the following operations: 





c1 co CX Operation 
0 0 X Increment by 1 (execute next instruction) 
0 1 Q Increment by 2 (skip next instruction) 

1 0 O Jump to address 

1 1 0 No increment (repeat current instruction) 
The CX input conditions the sequencer. Conditional 
branches or skip operations can be implemented. The 
sequencer will increment if the conditional requirement is 
not met. 


Condition detector: A PAL16C1 monitors up to twelve status 
flags, and generates CX. The microcode word includes a 4-bit 


ce Ss yw |Z econ an fm mM fF &® © Hh Fs na cc 
l¢@ 2@eg 3 wu 10 10 e@ «fe & & &® XX Fi |S a ao @ @ & ff &@ & 
z=<«¢ uw fF e 6b © OO GCG G6 G6 6 ls FH G6 6G G6 oO GO 6 6 oO 
TYPE 1 
CONSTANT 
“Q  - au SB 2 Ok SF CONSTANT VALUE =o 
6 wstR .€ & 2 2 4 g 
a ad TT an ey => = 
5 “uoeowia« @ ag 
=< ao « Oo 3 
$6 8 8 
G Oo 
TYPE 2 1 
pce eC ee 8 Fa Da 
LOAD LOOP CTR 
Q AU = 2 @ §& SEQ CONDITION o OO Ff JUMP/LOAD a V8 Oo 
s INSTR =< = ¢ 2 entrar are VALUE of «ot 
pa ke WU F&F wage = 9 5 
io ar w x 2 x oO ; o. WW 
+ 2 6 4 8 2 4 ¢ 
“i ames 8 s 5 
2 WwW 
& me - . Q 
TYPE 3 
sr zc EO Ce ad a ae (AE 
MODIFY 
a AU = a o -& SEQ CONDITION Oo oOo oO ADDR ADDR ” 
S INSTR <¢ 3 < CNTRL 2 5 2 VALUE 4 CONTROL < 
a oa Ww . Ww < <= = 
ba ar Ww. & 2 x oOo 5 
<z a c fo) ood 
< (eo) Qo ro) zea Ly 
2 eE « Oo U6: Ww 
rrr] a Oo 2 r 
TYPE 4 
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Figure 12. Microinstruction Word Formats 
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condition word, CX0 through CX3. CX will be zero under the 
following conditions: 


CX3 CX2 CX1 CX0 Condition for CX = 0 


0 0 0 0 Always (unconditional operation) 
0 0 -0 1 Sample strobe (SS) = 1 

oe) 1 0 AU overflow (OVF) = 1 

0 oO 1 1 AU busy (AUB) = 1 

0 1 0 0 Input sample ready (INR) = 0 

0 1 0 1 Loop counter timeout (ELC) = 0 
o 1 1 oO TlC=1 

0 1 1 1 Address control (AC3-ACO) = 0 

1 0 0 0 ACO=0 

1 0 oO 1 ACO=1 

1 0 1 0 AC1=0 

1 Oo 61 1 AC1=1 

1 1 0 O AC2=0 

1 1 0 1 AC2=1 

1 1 1 0 AC3=0 

1 1 1 1 AC3=1 


The assignment is made using the flexible PAL device coding, 
and is optimized for the analyzer. The user can select a different 
set of conditions by reprogramming the PAL device. 


When the microcode represents a constant (Type 1 microinstruc- 
tion — see Figure 12) the CON input forces CX = 1 to suppress 
conditional operations. CX is also used to suppress certain 
strobes in the analyzer, providing conditional arithmetic 
operations. 


Loop counter: A PAL16R6 implements a 6-bit programmable 
down counter. This counter controls iteration loops and provides 
a timeout signal to the condition detector. The counter is preset 
via a Type 2 microinstruction, and can be decremented by other 
Type 2 microinstructions. The counter will halt when zero count 
is reached. Up to 64 iterations can be accommodated with 
minimal overhead. 


Address control: A PAL22V10 provides indexed addressing for 
the 32x16 RAM, and analyzes the eight MSBs of the data bus for 
conditional operations. If D15 represents the data bus sign bit, 
then OP1-OP3 will provide the following functions: 


OP3 OP2 OP1 AC3-ACO Output Function 
Clear (0000) 





o 


0 0 

0 0 1 Increment 

0 1 0 Decrement 

0 1 1 Preset to D15-D12 (Sign + 3 MSB) 
1 0 Q Preset to D14-D11 (4 MSB) . 
1 0 1 Preset to D11-D8 (Address load) 

1 1 0 MSB position 

1 1.1 No change 


The ADE input enables a change in the address word. The 
address word will not change if ADE = 1. 


The MSB position function indicates the position of the MSB for 
positive numbers. AC3 represents sign bit D15. This output 
should be zero. AC2-AC1 represent the position of the first 1 
following the sign bit. Code 0000 indicates that D15-D8 are all 0. 


Input/RAM control: Miscellaneous FIFO input and RAM control 
is provided by a PAL 10L8. The 67401 FIFO includes input ready 
(FIR) and output ready (FOR) signals, which are latched using 
the input/output shift clocks to generate two flags. The first flag 
(FR) resets the FIFO when input ready (latched) goes low, 
indicating the FIFO capacity is exhausted. The latched output 
ready signal flag represents input sample ready (INR). The INR 


flag is used as a sequencer condition to synchronize wait loops. 
Use of the FR and INR flags maintains proper fill of the FIFO. 


The RAM address LSB (AO) and read-write line (R/W) are 
decoded and latched. These signals are provided directly by 
Type IV microinstructions. 


Notice that a clocked register function requires two PAL 
combinatorial outputs per bit, while a transparent latch function 
requires only one PAL output per bit. 


Arithmetic unit control: The variety of functions listed in Table 3 
indicate the utility of the arithmetic unit (AU). A PAL16R6 pro- 
vides simplified control of the AU. 


The PAL devices and AU load signal provide conditional arith- 
metic operations. Gating the load input will suppress the start of 
a new arithmetic operation. When CXE is high, the operation is 
performed unconditionally. When CXE is low, the operation is 
performed only if CX is low. Combining conditional jumps and 
conditional AU operations provides a alah degree of program 
flexibility. 


The PAL device monitors the AU instructions and generates a 
busy signal (AUB). A counter in the PAL device keeps track of 
variable-length operations to provide the correct output for any 
instruction sequence. The AUB signal conditions the sequencer 
to synchronize the microprogram to the AU operation. Microp- 
rogramming is simplified as a result. 


The PAL device also gates the input FIFO shift out slack (INS) to 
eliminate transients while providing a full ious pulse for proper 
FIFO operation. 

Data strobe generator: A PAL10L8 provides a number of 
transient-free, gated strobes. These strobes provide control of the 
analyzer data flow. The PAL device interprets the microinstruc- 


‘tion to determine the proper microinstruction type, and gener- 


ates the strobes accordingly. 
The PAL device also generates an 8-MHz buttered clock, as 


‘shown in Figure 11. The crystal oscillator circuit provides inde- 


pendent AC and DC feedback, permitting reliable operation with 
the PAL device. 


Strap/output sample control: A PAL16L8 generates additional 
control strobes for the output sample-and-hold circuits. 


The PAL device also provides a tristate buffer function, connect- 
ing control straps to the data bus for certain conditional jump 
operations. Two straps select the desired analyzer bandwidth/ 
sweep rate, and the third strap selects linear or logarithmic 
output. 

Signal output 


The VCO output must be sampled at precise intervals to avoid 
phase modulation effects. Three 67401 FIFOs buffer the VCO 
samples, which are generated during the 50-kHz input process- 
ing. A 12-bit D/A converter provides better than 91 dB signal-to- 
distortion ratio. The S&H circuit provides VCO outputs at pre- 
cise 50-kHz intervals, and removes spikes that are generated in 
the D/A converter. All necessary control signals are generated 
by the strap/output data control PAL device. 


Thehorizontal and vertical outputs normally drive an X-Y plotter or 
oscilloscope. There is no need to buffer these signals as long as 
the two outputs track each other. The D/A used for the VCO 
output is shared by adding two PAL12H6 chips programmed as 
multiplexers. Use of PAL devices requires fewer packages than a 
TTL multiplexer. Additional S&H circuits decode the multiplexed 
D/A output to separate the output signals. 


a a a TS ES I a RRS PO IEEE TY PETITES 
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Microprogram 


The architecture can implement a variety of DSP functions. A 
microprogram, stored in 63S281 PROMs, customizes the archi- 
tecture to perform the spectrum analyzer tasks. The microin- 
struction formats were summarized in Figure 12. The algorithms 
to be implemented were discussed in the previous section. The 
step-by-step implementation of these algorithms is converted to 
a sequence of microinstructions to form the microprogram. The 
procedure is analogous to programming a microprocessor. 


Operation of the microprogram is better understood by consid- 
ering the allocation of the 74S218 RAM locations, shown in 
Figure 13. The microprogram consists of two parts. High-speed 
input processing provides the carrier generation, mixing, alias- 
ing filterand lowpass filter functions. Figure 13a shows the RAM 
allocation during input processing. The input segment includes 
an efficient iteration loop, using the PAL device loop counter, to 
process the 50-kHz functions. The carrier frequency shift and 
lowpass filter functions are processed at the fs/32 reduced sam- 
ple rate for maximum throughput efficiency. 


The values of sin A, cos A, and the Bessell filter coefficients 
depend on the analyzer bandwidth strap selection. These values 
are stored in a “table” area in Fig. 13, and can be easily changed. 
The fixed aliasing filter coefficients are stored as constants in the 
microprogram itself. ae¢ 


0 1 2 3 . 4 


Y Y 
ease 
Ly) 









yy ‘COSY cos 


CARRIER GENERATOR 


a: 
LOWPASS 
FILTER 


LIN-LOG SCALING 


(A4-A1) 


7 8 


(a) INPUT 


SCALE | SCALE | SCALE | SCALE 
A B c o 
LOG A| LOG B/ LOG C| LOG D 


Once the input processing is complete, coefficients located in 
the table area can be changed. This area is re-used by the output 
program segment to hold the scale factors for the linear-to-log 
conversion routine. The detector functions are processed, and 
the logarithmic conversion is started with the RAM allocation of 
Figure 13(b). The table area is then reloaded with the interpola- 
tion coefficients (Figure 13(c)) to complete the logarithmic con- 
version. Shaded areas in Figure 13 provide temporary data and 
flag storage for the routines. - 


The microprogram samples the strap settings and loads the table 
area with the appropriate coefficients for input processing. The 
detector filter coefficient (b;) is also determined and loaded. 
The input processing is then repeated. This sequence repeats 
indefinitely. The coefficient loading technique makes efficient 
use of RAM capacity while eliminating elaborate jump 
sequences. All coefficient table updates are processed at the 
minimum sample rate for best efficiency. 


The PAL device controllers simplify. the microprogram. A PAL 
device provides hardware iteration loops. The, AU controller 
eliminates wasteful “NO-OP” instructions otherwise required to 
allow completion of. AU operations. The input control PAL 
device simplifies handshaking with the input logic. With the 
benefit of the PAL device controllers, the analyzer microprogram 
easily fits into the 256-instruction capacity of the PROMs. 






ALIASING FILTERS -- . LOWPASS FILTER 


(b) OUTPUT-1 





UTILITY LIN-LOG INTERPOLATION 


(c) OUTPUT-2 


X NOT AVAILABLE 
COTABLE 


KEY: SCRATCH 
— NOT USED 


Figure 13. RAM Allocation 
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TITLE AN-100 DSP Counter 
PATTERN DSPCOUNT 

REVISION 1. 

AUTHOR Mare Baker 

COMPANY Monolithic Memories 
DATE - August 20, 1987 


CHIP DSPCOUNT PAL20X8 


CLK NC OP3°OP4 OPS OP6 OP7 CO Cl /CX NC GND 
/OE NC A7 A6 AS A4 A3 .A2 Al AO -/LOAD VCC 





EQUATIONS 
LOAD = /CO* Cl* CX ;FED BACK TO EQUATIONS 
/A0 := /LOAD*/A0 -: ‘;HOLD/INCREMENT BY 2 

+ /CO* C1* CX ;LOAD 0 

s+: /CO*/Cl ; INCREMENT BY 1 
/Al := /LOAD*/A1 ; HOLD | 

+ /CO* Cl* CX ;LOAD 0 

z+: /CO*/C1* * AO s; INCREMENT BY 1 

+ CO*/C1* CX*/AO | ’ :INCREMENT BY. 2 
/A2 := /LOAD*/A2 ; HOLD 

+ /CO* Cl* CX - ;LOAD 0 

s+: /CO*/C1* Al* AO ; INCREMENT BY 1 

+ CO*/C1* CX* A1*/A0 ’ 3INCREMENT BY 2 
/A3 := /LOAD*/A3 ; HOLD 

+ /CO* C1l* CxX*/OP3 ; LOAD 

s+: /CO*/C1* A2* Al* AO ; INCREMENT BY 1 

+ CO*/C1* CX* A2* Al*/A0 ; INCREMENT BY 2 
/A4 := /LOAD*/A4 ; HOLD 

+ /CO* C1* CX*/OP4 ; LOAD 

z+: /CO*/C1* A3* A2* Al* AO ; INCREMENT BY 1 

+, CO*/C1l* CX* A3* A2* A1l*/AO ; INCREMENT BY 2 
/A5 := /LOAD*/A5 ; HOLD 

+ /CO* C1l* CX*/OP5 ; LOAD 

z+: /CO*/C1* A4* A3* A2* Al* AQ ; INCREMENT BY 1 

+ CO*/C1* CX* A4* A3* A2* A1l*/AO ; INCREMENT BY 2 
/R6 := /LOAD*/AG : HOLD 

+ /CO* Cl* CX*/OP6 ; LOAD 

zt: /CO*/C1* A5* A4* A3* A2* Al* AO ;INC BY 1 

+  CO*/Cl* CX* A5* A4* A3* A2* A1l*/AD ;INC BY 2 
/A7 :=  /LOAD*/AT7 ; HOLD 

+ /CO* C1l* CX*/OP7 ; LOAD 

s+: /CO*/C1* A6* AS* A4* A3Z3* A2* Al* AO ;INC BY 1. 

+ CO*/C1* CX* A6* A5* A4* A3* A2* A1l*/AO ;INC BY 2 
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SIMULATION 


TRACE_ON CLK A7 A6 AS A4 A3 A2 Al AO 


;Trace CLK and outputs 


SETF OE, /CO Cl CX /OP7 /OP6 /OP5 /OP4 /OP3 


CLOCKF CLK 
CHECK /A7 /A6 /AS /A4 /A3 /A2 /Al /A0 


SETF CO /Cl 

CLOCKF CLK 

CHECK /A7./A6 /AS /A4 /A3 /A2 Al /A0 
CLOCKF CLK 

CHECK /A7 /A6 /AS /A4 /A3 A2 /Al /A0 


CLOCKF CLK 
CHECK /A7 /A6 /A5 /A4 /A3 A2 Al /A0 


SETF /CO 
CLOCKF CLK 
CHECK /A7 /A6 /AS /A4 /A3 A2 Al AO 


CLOCKF CLK . 
CHECK /A7 /A6 /AS /A4 A3 /A2 /Al /A0 


-SETF CO Cl 


CLOCKF CLK 
CLOCKF CLK 
CHECK /A7 /A6 /A5 /A4 A3 /A2 /Al /A0 


TRACE OFF 


;Load all Os 


;Increment by 
;to 2 


;Increment by 
zto 4 


;Increment by 
sto 6 


;Increment by- 
;to 7 


;Increment by 
;to 8 


;Hold 
;Hold 
sto 8 
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TITLE AN-100 DSP Condition 
PATTERN DSPCOND 

REVISION 1 

AUTHOR: Marc Baker 

COMPANY Monolithic Memories 
DATE August 20, 1987 


CHIP DSPCOND PAL16C1 


CX3 CX2 CXl CxO SS_ OVF AUB INR /LLC GND 
/CON ACO AC1 AC2 /CX COMP CX AC3 NC NC VCC 
EQUATIONS 
CX = /CX3*/CX2*/CX1*/CX0* CON 
/CX3* /CX2*/CX1* CXO* SS* CON 
/CX3*/CX2* CX1*/CX0* OVF* CON 
/CX3*/CX2* CX1* CX0* AUB* CON 
/CX3* CX2*/CX1*/CX0*/INR* CON 
/CX3* CX2*/CX1* CX0O* LLC* CON 
/CX3* CX2* CX1*/CX0*/LLC* CON 
/CX3* CX2* CX1* CX0*/AC3*/AC2*/AC1*/ACO* CON 
CX3* /CX2* /CX1*/CX0*/ACO* CON 
CxX3*/CX2*/CX1* CX0* ACO* CON 
CX3*/CX2* CX1*/CX0*/AC1* CON 
CX3*/CX2* CX1* CXO* AC1* CON 
CX3* CX2*/CX1*/CX0*/AC2* CON 
CX3* CX2*/CX1* CxX0* AC2* CON 
CX3* CX2* CX1*/CX0*/AC3* CON 
CX3* CX2* CX1* CXO* AC3* CON 


+eteteeteeeteeteesti 





SIMULATION 


SETF /CON ;SET /CX HIGH 
CHECK /CX 


SETF CON /CX3 /CX2 /CX1 /CX0 ;CX3-CX0=0 
CHECK CX 


SET /CX LOW 
SETF CX0 SS ;CX3-CX0=1 - SET /CX LOW 
CHECK CX 


SETF CXl /CX0 OVF ;CX3-CX0=2 - SET /CX LOW 
CHECK CX 


SETF CX0O AUB ;CX3-CX0=3 - SET /CX LOW 
CHECK CX 


SETF CX2 /CXl /CX0 /INR ;CX3-CX0=4 - SET /CX LOW 
CHECK CX 


SETF CX0O LLC ;CX3-CX0=5 - SET /CX LOW 
CHECK CX 
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SETF CX1l 
CHECK CX 


SETF Cx0 
CHECK CX 


SETF CX3 
CHECK CX 


SETF CxX0 
CHECK CX 


SETF CX1l 
CHECK CX 


SETF Cx0 
CHECK CX 


SETF CX2 
CHECK CX 


SETF CxO 
CHECK CX 


SETF CX1 
CHECK CX 


SETF Cx0 
CHECK CX 


Audio Spectrum Analyzer 


/CX0 /LLC 


/AC3 /AC2 /AC1 /ACO 


/CX2 /CX1 
ACO 

/CX0 

AC1 

/CX1 /CXO 
AC2 

/CX0 


AC3 


/CX0 


;CX3-CX0=6 


;CX3-CX0=7 


;CX3-CX0=8 © 


7CX3-CX0=9 

;CX3-CX0=10 
;CX3-CX0=11 
#CK3-CXO=12 
;CX3-CX0=13 
;CX3-CX0=14 


;CX3-CX0=15 


SET /CX LOW 


SET /CX LOW 


SET /CX LOW 


SET /CX LOW 


SET /CX 
SET /CX 
SET /CX 
SET /CX 
SET /CX 


SET /CX 


LOW 


LOW 


LOW 


LOW 


LOW 


LOW 
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TITLE AN-100 DSP Address Control 
PATTERN ADDCONT 

REVISION 1 

AUTHOR Marc Baker 

COMPANY Monolithic Memoriés 

DATE August 21, 1987 


CHIP ADDCONT PAL22V10 


CLK OP3 OP2 OP1 /ADE D15 D14 D13 D12 NC NC GND 
NC NC Dll D10 ACO ACl AC2 AC3 DI D8 NC VCC 





GLOBAL 
EQUATIONS 
ACO := /OP3*/OP2* OP1*/ACO* ADE ; INC 
+ /OP3* OP2*/OP1*/ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D12* ADE ;D12 
+ OP3*/OP2*/OP1* D1ll* ADE ;D1l 
+ OP3*/OP2* OP1* D8 * ADE : ;D8 
+ OP3* OP2*/OP1* D14* ADE ;MSB EQUATIONS 
+ OP3* OP2*/OP1*/D14*/D13* D12* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11* D10* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11*/D10*/D9*D8* ADE 
+ OP3* OP2* OP1* ACO ; HOLD 
+ ACO*/ADE ; HOLD 
AC] := /OP3*/OP2* OP1* AC1*/ACO* ADE ; INC 
+ /OP3*/OP2* OP1*/AC1* ACO* ADE ; INC 
+ /OP3* OP2*/OP1* AC1* ACO* ADE ;DEC 
+ /OP3* OP2*/OP1*/AC1*/ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D13* ADE ;D13 
+ OP3*/OP2*/OP1* D12* ADE ;D12 
+ OP3*/OP2* OP1* D9 * ADE ;D9, 
+ OP3* OP2*/OP1* D14* ADE ;MSB EQUATIONS 
+ OP3* OP2*/OP1*/D14* D13* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11* D10* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11*/D10* D9* ADE 
+ OP3* OP2* OP1* ACl ;HOLD 
+ AC1*/ADE ;HOLD 
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/OP3*/OP2* OP1*/AC2* AC1* ACO* ADE 
/OP3*/OP2* OP1* AC2*/AC1* ADE 
/OP3*/OP2* OP1* AC2* /ACO* ADE 


/OP3* 
/OP3* 
/OP3* 
/OP3* 


OP2*/OP1*/AC2*/AC1*/ACO* ADE .. 
OP2*/OP1* AC2* AC1* ADE 


OP2*/OP1* AC2* ACO* ADE 
OP2* OP1*. D14* ADE 


OP3*/OP2*/OP1* D13* ADE 
OP3*/OP2* OP1* D10* ADE 


OP3* 
OP3* 
OP3* 
OP3* 
OP3* 


OP2*/OP1* D14* ADE 
OP2*/OP1* D13* ADE 
OP2*/OP1* D12* ADE 
OP2*/OP1* D11* ADE 
OP2* OP1* AC2 


AC2* /ADE 


/OP3*/OP2* OP1*/AC3* AC2* AC1* ACO* 
/OP3*/OP2* OP1* AC3*/AC2* 
/OP3*/OP2* OP1* AC3* /AC1* 


/OP3* 
/OP3* 
/OP3* 
/OP3* 


./OP3* 


/OP3* 


/OP2* OP1* AC3* eee 


OP2* /OP1*/AC3*/AC2*/AC1*/ACO* 
OP2*/OP1*/AC3*-AC2*. 
OP2*/OP1*/AC3* - AC1* 

OP2* /OP1*/AC3* — ACO* 
OP2* OP1* D15* ADE 


OP3*/OP2*/OP1* D14* ADE 
OP3*/OP2* OP1* D11l* ADE 


OP3* 


OP2* OP1* AC3 


AC3*/ADE 


SIMULATION 


TRACE_ON CLK AC3 AC2 ACl ACO 


SETF ADE /OP3 /OP2 /OP1 


CLOCKF 


CHECK /AC3 /AC2 /AC1 /ACO 


CLK 


SETF OP1 


CLOCKF 


CHECK /AC3 


CLOCKF 


CHECK /AC3 


CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 


CLK 


CLK 


CLK 
CLK 
CLK 
CLK 
CLK 
CLK 


; INCREMENT TO 1 
/AC2 /AC1 ACO 


; INCREMENT TO 2 
/AC2 AC1 /ACO 


; INCREMENT TO 8 


CHECK AC3 /AC2 /AC1 /ACO 


ADE 


ADE 
ADE 
ADE 
ADE 


- ADE 


ADE 
ADE 


;CLEAR TO 0 


7 INC 
7 INC 
s INC 
: DEC 
; DEC 
;DEC 
7D14 . 
3D13 
:D10 


;MSB EQUATIONS 


Audio Spectrum Analyzer 





SETF OP2 /OP1 
CLOCKF CLK ;DECREMENT TO 7 
CHECK /AC3 AC2 ACl ACO 


CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK ;DECREMENT TO 3 
CHECK /AC3 /AC2 ACl ACO 


SETF OPl /D15 D14 /D13 D12 /D11 
CLOCKF CLK ;SET TO D15-D12 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP3 /OP2 /OP1 
CLOCKF CLK ;SET TO D14-Dl1l 
CHECK AC3 /AC2 ACl /ACO 


SETF OP1 D10 /D9 D8 
CLOCKF CLK ;SET TO D11-D8 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP2 /OP1 
CLOCKF CLK ;CHECK MSB 
CHECK /AC3 AC2 ACl ACO 


SETF /D14 
CLOCKF CLK ;CHECK MSB 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP1 
CLOCKF CLK ; HOLD 
CHECK /AC3 AC2 /AC1 ACO 





SETF /OP3 /OP2 /OP1 /ADE ; HOLD 
CLOCKF CLK 
CHECK /AC3 AC2 /AC1 ACO 


TRACE OFF 
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In high-speed, serial data transmission, as in state-of-the-art in high-speed serial-data bit streams. This paper describes 
disk drives, and data communication, there is a growing need serial-data error detection and correction in host-indepen- 
for data reliability. dent and peripheral-independent environments. The SiBER 


implements the standard CCITT CRC polynomial and a com- 


The Single Burst Error Recovery chip, SiBER, can correct gaa : 
9 a puter-generated polynomial in one 24-pin bipolar LSI chip. 


5-, 8-, or 11-bit bursts of error or detect double-burst errors 
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Introduction 

With increasing densities in mass-storage systems, the prob- 
ability of error in received data also increases. To remedy 
the problem, users incorporate error detection and correc- 
tion techniques in their designs. In the area of high speed 
serial data transmission, as in state-of-the-art disk drives 
and data communication, there is a growing need for data 
reliability. 


Monolithic Memories’ Single Burst Error Recovery chip, SiBER, 
is ideal in applications requiring a short development time, with 
no knowledge whatsoever of the complex mathematics involved 
in error-correction codes. The SiBER chip can be used to 
correct 5-, 8-, or 11-bit bursts of erroneous data, or detect 
double-burst errors in high-speed serial bit streams. The SiBER 
implements the standard CCITT CRC polynomial and one of 


Neal Glover’s computer-generated polynomials in one 24-pin . 


bipolar LSI chip. 
This paper describes serial-data error detection and correc- 


tion in host-independent and peripheral-independent — 


environments. 


The interface of the SiBER chip between the host and the . 


disk/peripheral is fairly straightforward. To aid in the efficient 
handling of data transfer between the Siber and the host, the 
57/67417 provides an elegant solution. The ’417 Serializing 
FIFO is intended as a one-chip solution for buffering and 
serializing/deserializing data. It is a FIFO which has one 
parallel port configurable as an input or an output. It also has 
two dedicated serial ports for input and output operations. 
It can typically replace four or more MSI chips. Another IC, 
the SN54/74S419, is a FIFO RAM Controller which converts 
a static RAM to a FIFO with minimal external circuitry. It is 
used where large blocks of data, up to 64K, need to be 
buffered. 


The SiBER can be used with three correction options: software 
only, a combination of hardware and software, and entirely in 
hardware. These three correction options have different hard- 
ware requirements, using a Serializing FIFO or a FIFO RAM 
Controller as the buffer management unit. These different 
hardware requirements are discussed in greater detail. 


Formatting the Data On the Disk 

Large files and data bases can be permanently stored on the 
magnetic surface of a Winchester disk. Data is stored on 
the disk with a predefined format which varies among differ- 
ent manufacturers. The disk surface is subdivided into a num- 
ber of circular concentric tracks, and each track is further 
divided into many records. Data is transferred one record at 
a time in a block fashion between the host and the disk. As 
- shown in Figure 1, a record is comprised of an identification 
field (ID field) and a data field, with the data field typically 

being 256 bytes long. 


ID FIELD crc | DATA FIELD Ecc | 


CRC = 16 BITS 
ECC = 32 BITS 


Figure 1. Data Format on a Winchester Disk 


An Error Recovery Scheme 

With the progress of technology, the industry's trend is 
towards higher memory densities. The rate of erroneous data 
increases as disk densities increase, and a need to recover 
from faulty data becomes necessary. One scheme used to 
detect and correct erroneous data is through an encoding/ 
decoding algorithm that appends a series of parity checkbits 
to the transmitted/received data. Figure 1 represents a for- 
matted record with a 16-bit CRC code appended to the ID 
field, and a 32-bit code appended to the data field. These 
codes or checkbits are uniquely created for the data during a 
write operation to the disk, and then appended to the data 
stream. During a read from the disk, the checkbits are regen- 
erated as the data is being read and compared with the pre- 
viously written checkbits. If the data is error-free the two 
sets of checkbits should match, and the system should 
resume normal operation; however, if the data is in error, the 
two sets of checkbits will not match, and an error flag will 
interrupt the CPU to indicate incorrect data. In hardware, 
the SIBER chip performs the encoding and decoding of 
checkbits, and provides for a hardware or software correc- 
tion mode. 


[2a] R/T 
23] TGS 


GND [1] 
INIT [2 
HOLD [3 | 
sic [4 | [21] CGS 


Sit [5 | 20] SIR 
SOT | 6 | SOR 


22] RGS 


18] voc 
17] TEST 


6] EOC 


vec [7| 
cso [8 | 
csi [9] 
CRC/ECC [10] 





115] ERRFLG 
CLKIN #11] 14] PATT 
GND fi2] 13] CLKOUT 


Figure 2. Pinout of the SIBER 
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Figure 3. Block Diagram of the SiBER 


The SiIBER Chip 


Monolithic Memories is presently designing SiBER, which will 
soon go into volume production. SiBER comes in a 24-pin 
package and operates at or above 15 megabits per second. The 
SiBER features a selectable standard CRC polynomial or a 
powerful 32-bit, computer-generated polynomial which can 
correct 5, 8, or 11 bits of burst error. There are various options 
which allow for correction in software, in hardware, or in a 
combination of the two. The SiBER’s pinout and internal 
architecture are illustrated respectivley in Figures 2 and 3. The 
twenty-four signals can be classified into four groups: I/O ports, 
control signals, output flags, and power. 


The two 1/O ports, Transmitter and Receiver ports, easily 
interface to the CPU and the disk drive environment. The 
associated signals in the transmitter port are serial input 
transmitter (SIT), serial input for correction (SIC), and serial 
output transmitter (SOT). The I/O signals in the receiver port 
are serial input receiver (SIR), and serial output receiver 
(SOR). The control signals determine the operation which is 





SIT: 
SIR 


TRANSMIT 
OUTPUT 
MUX 





SOT 


sic 


CRC/ECC FEEDBACK CONTROL 





to be performed in the chip; these control signals will not be « 


discussed in detail. The three output flags are the error flag 
(ERRFLG) which indicates an erroneous data, the pattern 
available flag (PATT) which is raised when the error pattern is 
available in the 32-bit shift register, and an end of cycle flag 
(EOC) which is raised when the error pattern is shifted out of 
the chip. The four VCC and GND pins provide good noise 
immunity. 


Theory of Operation 
There are basically three modes of operation: Transmit, 
Receive, and Correction. 


TRANSMIT (Write to disk): 


During the transmit mode, the data is written to the disk, and the 
16-bit CRC or 32-bit ECC checkbits are generated in the chip. To 
enter the transmit mode, the device is initialized (INIT), while the 
receive/transmit (R/T) control signal is LOW. The data to be 
written is input into SIT and simultaneously appears on the SOR 










RECE! 
CHECK | OUTPUT. 
a MUX 


SOR 








Figure 4. Data Flow in Transmit Mode 
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Figure 5. Data Flow in Receive Mode 


output. The data on SIT ‘also appears on SOR, while TGS 
(transmit generate or shift control signal) is HIGH. Once TGS is 
lowered, the ECC/CRC checkbits are shifted out on SOR and 
recorded on to the disk. The data flow during the transmit is 
shown by heavy lines in Figure 4. 


RECEIVE (Read from disk): 


In the receive mode, the data is read from the disk, and a 16-bit or 
32-bit syndrome is generated internally. The syndrome contains 
the information necessary to perform hardware or software 
Correction. To enter the receive mode of operation, the device is 
initialized (INIT) while R/T is HIGH. The data being read from 
the disk in input into SIR and will appear on the transmitter port 
on SOT. 


RGS (read generate or shift contro! signal) must be high for the 
duration of data and checkbits. Once RGS.-is lowered, the 
ERRFLG output will be raised, if an error condition exists. The 
data flow during receive is shown in Figure 5. 

CORRECTION: 


If the error flag (ERRFLG) was not set when RGS was low- 
ered in the receive mode of operation, correction is not 


required and the data is assumed to be error-free. However, 
if ERRFLG was set, the data must be corrected. Note that 


correction is possible only with the 32-bit ECC polynomial. 
There are three different options for correction when using 
the 32-bit ECC polynomial: hardware correction, software 
correction, software and hardware correction. The following 
pages include three different applications where these 
modes are discussed in further detail. 


The Software Solution 


The SiBER can be configured to be used in systems where 


software correction is desired. In this mode of operation, the. 


SiBER will transfer the necessary information to the host, so 
that correction can take place in software. After reading the 


data and the ECC bits, the user must lower the RGS (Read 
Generate or Shift) control pin, at which time the ERRFLG is 
latched, if the data is in error and the syndrome bits gener- 
ated by the SiBER are available serially on the SOT output. 
Given the syndrome bits, the user has to perform a correc- 
tion algorithm in software which would appropriately yield 
the location of the error and the required pattern which cor- 
rects the erroneous bits. This is not a recommended method, 
as the user would have to be involved in the mathematics of 
the error-correction codes. Therefore, this method would 
appeal only tocertainusers. __ 


The data paths for software correction and the hardware 
needed to interface the SIBER to a host are shown respec- 
tively in figures 6a and 6b. 


One of the elements, shown in Figure 6b and also referred to in 
Figure 8b, is the serializing FIFO, 57/67417. The serializing FIFO 
is an ideal IC for byte-oriented data buffering and serialization/ 
deserialization capabilities. The applications of this part are in 


_ interfacing parallel-format computing euipment to serial-format 


data communications and mass memory equipment. The 67417 
internally is a 64x9 FIFO, which can also be configured as a64x8 
FIFO using the Word Length (WL) pin. There are two serial 
ports, for input and output, and a 9-bit parallel port. The 
serializing FIFO has three modes of operation: it can be in (a) the 
Serial-In Parallel-Out mode, in (b) the Parallel-In Serial-Out 
mode, or in (c) the Serial-In Serial-Out mode. The part is 
cascadable in the parallel port, which runs up to 6 MHz. The 
serial port runs at 35 MHz. In order to build a deeper Serializing 
FIFO structure, the 67417 can be combined with ranks of two 
67401s, which are 64x4 parallel-in parallel-out FIFOs also 


available from Monolithic Memories. Figure 7 shows the three 


modes of operation of the 67417. 
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Figure 6a. Data Flow in the SiBER for Software Correction 
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Figure 6b. The SIBER/Host Interface for Software Correction 


The Hardware/Software Solution 


The hardware/software solution uses the SiBER more effec- 
tively. After detecting erroneous data, the SIBER can generate 
the (correction) pattern. Figure 8a shows the data flow within the 
SiBER during this mode of operation. The data and ECC fields 


from a serial data link are processed by the SiBER and are — 


available on the SOT port. By maintaining CGS HIGH, the SiBER 
goes into a mode where it calculates the location of the error. 
The required pattern, which was previously computed in the 
host in the software solution, is now performed in the SiBER. 
When the SiBER completes the computation, the PATTERN flag 
goes HIGH. The user has to count the number of clocks between 
the time when the ERRFLG is raised to the time when the PATT 
flag is raised. This count is the position of the start of the error 
burst. The error pattern can be shifted out of the SiBER on the 


SOT port by lowering CGS. Correction is performed in software. 


by using the count and the error pattern parameters. 


The interface of the SiBER to the host requires a serializing 
FIFO, a serial/parallel register, an n-bit counter (dependent 
on data field), and a correction network which can be eight 
exclusive-OR gates, as shown in figure 8b. The sequence of 
events shown in figure 8b are as follows: Path 1 is the data 
field and the ECC field that are transferred to the serializing 


FIFO. After the data and ECC fields are read, and if the 


ERRELG is raised, the SiBER is in its correction mode. The 
user must now keep clocking the SiBER, until the error pat- 
tern is available. The number of clocks between the assertion 
of the ERRFLG and the PATT flag must be saved in the 
counter. 


. Path 2 shows that the host will read the contents of the 


counter. The contents of the counter will be used to deter- 
mine the error location in the data field. By lowering CGS, 
the user can clock out the error pattern on the SOT pin, as 
shown by path 3. The error pattern is aligned with the error 
bits through software, and is sent to the correction unit, as 
shown by path 4. The host must process the count value to 
determine the error location. For example, if the error loca- 
tion counter had a count of M, and the length of the data and 
ECC field is L, then the error starts at L-M bits away from the 
first serial output bit on the 67417. The Seria!/Parallel block, 
shown in the diagram, would have to be connected appropri- 
ately, since the first pattern bit from SOT corresponds to the 
eleventh data bit in error; the second pattern bit corresponds 
to the tenth data bit in error, and so forth. The alignment of 
the pattern bit to the data/ECC bit in error can be performed 
by the host. 
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Figure 7. The Three Modes of Operation for the 57/67417 Serializing FIFO 
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Figure 8b. The SiBER/Host Interface for Hardware/Software Correction 


The Hardware Solution 

The hardware solution assumes little or no host intervention 

for error detection and correction. The data flow inside the 
' SIBER for this mode of operation is shown in figure 9a. The 

actual hardware interface is shown in figure 9b. 


This example uses an 8Kx1 FIFO used to collect the serial 
bits. The FIFO is used to gather the data and send it to the 
host via a Serial/Parallel converter. In between these two 
steps, a correction takes place, if the error flag is raised. The 
actual data flow in figure 9b is as follows: The data from the 


serial link arrives at the SIR input of the SiBER and is stored © 


in the static RAM via SOT. The static RAM is converted to a 
FIFO using the SN54/74S419 FIFO RAM Controller. At this 


time, the FIFO is in a write mode, and the output of the FIFO. 


RAM Controller is sequential write addresses, as shown by 1. 
After the data and ECC bits are read, and an error is detected, 
the SiBER goes into a correction mode of operation. Since 
the data bits must be corrected in reverse order (Last In First 
Out, LIFO), a down counter addresses the static RAM. The 
down counter decrements, until the PATT flag goes high. 
When this flag is raised, the counter then addresses the static 
RAM, and, as shown by 2, the data from the static RAM 


enters the SiBER via SIC, is corrected, and written back to 
the static RAM via SOT. In the actual implementation, three- 
state buffers are recommended to isolate respectively SIC 
and SOT during read and write to RAM. As shown in data 
path 3, upon completion of the correction cycle, the entire 
8Kx1 FIFO is transmitted to the host via the Serial/Parallel 
converter and the FIFO RAM controller. The static RAM is 
addressed by the FIFO RAM Controller, when the data is 


. being read by the host. 


The 748419 FIFO RAM Controller is a Monolithic Memories’ 


_ proprietary part and is currently under design. It provides 
‘ address control and port arbitration for converting a static RAM 


to a FIFO. A 64K-deep FIFO can be created, using the sixteen 
address lines. In addition, a host of flags, indicative of the FIFO 
being full, empty, half full, almost empty, and almost full, are 
provided. These flags are set relative to the original buffer length 
selected. Port priority , such as read having precedence over 
write, are user defined. Handshaking signals, such as ready, are 
provided in response to a request input. The entire internal 
operation is synchronous. The SiBER is a flexible part and can be 
used to facilitate a read/write operation with a static RAM, by 
adding minimal delay and ensuring a very high throughput. 


————— SO ee a LLL KT 
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Figure 9b. The SiBER/Host Interface for Hardware Correction 


Conclusion 
The SiBER is a versatile chip for error detection and cor- 
rection in high-speed serial data streams. It is useful in 
numerous applications, becuase it was designed to be host- 
independent and peripheral-independent. To manage blocks 
of data in high-speed data transfers, the 67417 Serializing 
FIFO and the 748419 FIFO RAM Controller provide econ- 
omic and efficient solutions. Together, these chips provide 
low-cost system solutions to mass-memory equipment and 
data communication reliability issues. — 
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First-In First-Out Memories: 
Operations and Applications 


In many digital systems, high-speed transfers of data or instruc- 
tions take place between sources and destinations that have dif- 
ferent data. rates. In other cases, the source and destination 
cannot operate simultaneously thereby needing some kind of 
data buffer at either source or destination. First-In First-Out 
(FIFO) memories are devices used to provide both data buffer- 
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ing and data rate matching between source and destination in 
digital systems. A family of FIFO devices, available from Monoli- 
thic Memories, covers a wide range of data rates as well as 
different applications such as high-speed data acquisition, and 
serial to/from parallel format conversions. 
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What's a FIFO? 

Definition 

FIFO means First-In First-Out. In this case FIFO refers to a 
First-In First-Out, 2-port memory device. The data stored in a 
FIFO memory is provided at the output port in the same 
sequence that the data was written via the input port. Writing and 
reading data can be completely independent operations except 
when the FIFO is full or empty. The FIFO is empty and no more 
words can be read whenever the total number of words read 
since reset is equal to the total number of words written. The 


FIFO is fulland no more words can be written whenever the total . 


number of words written is equal to the number of words read 
plus the capacity of the FIFO. “3 ae 


FIFO Operation 

FIFO memories are used to assemble incoming data in a word 
serial buffer to be read out later in the order written, usually at a 
different rate. A simple mechanical analogy is the old fashioned 
coin dispenser used by the ice cream vendor or amusement park 
arcade vendor (Figure 1). Each coin tube has storage space fora 
‘number of coins, say sixty-four coins for example. Coins are 


dropped into each tube one at a time through a slot in the top of - 


the tube. When a coin is entered, it falls to the top of the stack of 
coins already stored in the tube. When change is needed, the 
vendor pushes a lever near the bottom of the tube. This releases 
a single coin each time the lever is depressed and released. The 
coin dispenser is clearly a FIFO memory for coins because coins 
are released at the bottom of the tube in the same order they 
were entered at the top, but usually at a different rate. 





Figure 1. A FIFO Buffer for Coins 
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Each time a coin is removed from the bottom of the tube, the 
coin directly above it moves down to fill the vacant space. The 
same happens to each of the other coinsin the stack. There is no 
restriction on loading and delivering coins asynchronously or 
simultaneously except for the empty and full conditions. If the 
tube is empty or if a coin has not yet fallen to the bottom of the 
tube, nothing will happen when the coin release lever is pressed. 
When the tube has sixty-four coins stored, it is not possible to 
stuff another coin into the tube. The operation of the 67401 FIFO 
is directly analogous to the coin changer except that the 67401 
has four coin tubes that operate together rather than four inde- 
pendent tubes in the coin changer. 


Using a FIFO 
Do You Need a FIFO? 


If you are designing or using a digital system involving high- 
speed transfers of data or instructions from sources to destina- 
tions, you may find a FIFO memory to be useful and economi- 
cally beneficial. Many digital devices such as computers and 
peripherals have natural or fixed rates for transmitting and 
receiving data. The most efficient transfers occur when both the 
source device and the destination device can operate at the 
same high speed, and when both perform data transfers simul- 
taneously. Unfortunately this is seldom the case, and either the 
source or the destination device must spend some time waiting 
or attending to other chores: Data rate matching, and data 
buffering, to provide the delay between source transmit to desti- 
nation receive, are two of the principal applications for FIFO 
memories. 


You should consider the possibility of using a FIFO whenever 
your system requires transferring data, commands, or instruc- 
tions from any of the following sources to any of the following 
destinations. Table 1 shows the family of FIFOs available from 
Monolithic Memories. 


SOURCES DESTINATIONS 
Computer CPU Computer CPU 
RAM or ROM RAM 
Disk Memory Unit Disk Memory Unit 
Magnetic Tape Unit Magnetic Tape Unit 
Paper Tape Reader Paper Tape Punch 
Keyboard CRT Display 


Analog-to-Digital Converter 

Telephone Communications 
Modem 

Radio Transmitter 

Timeshare Computer 
System 

Data Bus Within Computer 

Address Bus Within 
Computer 

Electromechanical Device 


Digital-to-Analog Converter 

Telephone Communications 
Modem 

Radio Receiver 

Timeshare Computer 
System 

Printer 

Panel Meter Display 


Electromechanical Devices 
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Classes of FIFO Applications 


The two principal uses for the 67401 FIFO are data rate match- 
ing and data buffering. Actually these classes overlap some- 
what because data rate matching implies data buffering within 
the FIFO in order to achieve the objective or writing into the 
FIFO at one rate and reading out of the FIFO at another rate. 
Itis also apparent that you cannot write at one rate and read at 
another rate continuously without eventually filling (fast write, 


slow read) or,emptying (slow write, fast read) any fixed length. 
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5 MHz Com 
7 MHz Mil 
10 MHz Mil 
10 MHz Com 
15 MHz Com | 
16.7 MHz Com" 
Standalone 25 MHz.. Mil, 35 MHz Com 
5 MHz Com 
7 MHz Mil 
10 MHz Mil 
10 MHz Com 
15 MHz Com 
16.7 MHz Com 
‘Standalone 25 MHz-Mil, 35 MHz-Com 
Standalone 25 MHz-Mil, 35 MHz-Com 


25 MHz Com 





28 MHz serial rate 
Serializing FIFO 
si 10 MHz parallel rate 


Table 1. FIFO Family . 


FIFO memory. Once the FIFO is full, it cannot accept addi- 
tional data until it begins to empty due to reading or clearing its 
contents. 


in the other case, once the FIFO has been emptied, it makes no 
sense to continue reading until more data has been written. 
This limitation implies that the faster rate operation (whether 
reading or writing) must be done in bursts with gaps between 
bursts to allow time for empty storage space to be trealed 
within the FIFO Ze the slower rate operation. 


SLOW AND 


[Fro] STEADY 


Figure 2. Data Transfer from Magnetic Tepe Unit to Printer 


High-Speed Burst to Lower Speed Steady Rate 


Figure 2 shows a magnetic tape unit supplying data to a line 
printer. The printer prints characters at a regular rate that is 
slower than the magnetic rape unit can supply. characters 
(Figure 3). 


HIGHER SPEED DATA BURSTS LOW SPEED STEADY RATE 


Figure 3. Fast Rate to Slow Rate 
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It is usually inconvenient and expensive to require the MTU to 
stop and start between characters to wait for the printer. The 
MTU operates more efficiently by writing a burst of characters at 
its fixed high rate into the FIFO then waiting for the printer to 
read the FIFO at its fixed low-speed rate. When the FIFO buffer 
becomes empty (or almost empty), it can notify the MTU to 
supply another burst of data. The FIFO’s Output Ready signal 
can be used as an interrupt. It may be convenient to size the FIFO 
at the maximum line length so that the MTU can reload the FIFO 
whenever it sees a carriage return. Figure 4 shows a similar 
application where the printer is being driven from a high-speed 
computer. By sending bursts of data to the printer, the computer 
is free between bursts to perform other tasks, such as process- 
ing the data to be printed. The practice of storing high-speed 
bursts in the FIFO and reading at a slower steady rate is useful 
for many high-speed burst data sources such as disk memories, 
random access memories, and high-speed data communica- 
tions links. The printer is typical of a number of fixed rate 
slow-speed devices such as a paper tape punch, analog-to- 
digital converter, or a telephone data link. 


Direct Memory Access (DMA) is often used as a solution to this 
kind of rate matching problem. With DMA, the computer stores 
data in its RAM at the high-speed burst rate. The slow-speed 
device then reads the RAM directly at its leisure. This method, 
however, requires a considerable amount of hardware to 
implement the DMA operation. Because of its simple logic struc- 
ture the FIFO permits a reduction in hardware. 


OTHER 
DEVICES 





SLOW AND 
STEADY 





OCCASIONAL 
BURSTS 






DEVICES 


Figure 4. Data Transfer from Computer CPU to Printer 


Low-Speed Steady Rate to High-Speed Burst 


Another common situation in digital data transmission is shown 
in Figure 5. Here the source of data operates at a slow steady 
_ rate, while the data destination device is capable of higher speed 
burst reception. This is illustrated by a paper tape reader supply- 
ing data to a high-speed CPU in Figure 6. If the computer were 
required to read the paper tape reader directly in a programmed 
1/O operation, it would spend most of its time waiting for the 
reader to advance. This is acommon occurance in microcompu- 
ter software development systems. If the computer can be used 
for other tasks while it is reading the tape, its operation becomes 
more efficient and its throughput is higher. Using the FIFO, the 
tape reader stores the incoming data at its natural rate. The 
computer reads the FIFO at its maximum input. rate until the 
FIFO is empty or until the computer turns its attention to another 
task. This slow rate to fast burst operation is appropriate for 
source devices such as analog-to-digital converters and tele- 
phone modems. The destination devices could be a magnetic 
tape, disk, or CRT display operating at speeds up to 15 MHz. 







eoeeee COOCOS COOCCE 000008 
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eoeooee0e COCCOO COCOCE 000008 
eeee0e COCOOO COCCOS 000008 
LOW SPEED STEADY RATE HIGHER SPEED DATA BURSTS 


Figure 5. Slow Rate to Fast Rate 





PAPER TAPE READER 


Figure 6. Data Transfer from Paper Tape Reader to CPU 


Steady Rate to Erratic Rate 


Figure 7 illustrates a situation where data is available from a 
source ata fixed rate, but is used by the destination devices at an 
erratic or unpredictable rate. One example of this situation is a 
printing terminal receiving data from a telephone modem con- 
nected to a timeshare computer (Figure 8). The computer and 
modem transmit the data at a steady rate, say 300 baud. The 
printer prints at a steady rate until it gets a carriage return 
character. The printer may then require several character times 
to execute the carriage return before it can print the characters 
that follow. This problem can be solved using the FIFO as a 
buffer so that the characters following the CR are stored in the 
FIFO and printed at the natural rate of the terminal. Note that the 
interval between printing successive characters must actually be 
slightly faster than 300 baud so that the printer can catch up after 
each carriage return. Otherwise, the FIFO would gradually fill up 
and overflow. This is a fundamental characteristic of FIFO 
buffers. In all cases the average input data rate over along period 
of time cannot exceed the average output data rate. In practice 
the size of the FIFO is determined by the duty cycle of the higher 
data rate as well as the ratio of input rate to output rate. 


Figure 7. Steady Rate to Erratic Rate 


TIMESHARE |: 
SYSTEM 






KEYBOARD | Z 
TELEPHONE 
TO TIMESHARE PRINTING 
COMPUTER — TERMINAL 


Figure 8. Timeshare Computer System to Printing Terminal 
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Another example of steady to erratic data rate is the interface to 
a machine tool such as the turret drill shown in Figure 9. The 
FIFO is used to store commands received from magnetic tape at 
a steady rate or a high-speed burst. The execution of these 
commands varies depending on the mechanical operation 
required. Changing drills may require much longer than drilling 
a series of holes. 


In some numeric control systems the inatiuctions for a whole 
shop full of machine tools may be provided by a single shared 
computer. In this case, FIFOs can be used in each machine tool 
to store a burst of instructions. Then the computer is free to 
control other machines, check status, or execute maintenance 
operations while each machine continues executing commands 
stored in its own FIFO memory. 


The example in Figure 12 shows a digital system using a large 
high-speed host computer to control a multitude of slower slave 
computers (possibly microprocessors). The host computer 
transmits high-speed bursts of commands and data to micropro- 
cessors connected to its 1/O bus. These are stored in FIFOs and 
executed by the microprocessors at their own rates. The host 
computer can control a large number of microprocessors and 
service its own peripheral devices in either timeshared or multi- 
processing mode. Each individual microprocessor uses FIFOs 
to accumulate results and status information to be polled by the 
host periodically. In addition each microprocessor operates at 
its effective rate by buffering its 1/O operations in FIFOs. The 
whole system is connected to a remote control radio link usinga 
FIFO to adjust the data rate between the receiver and the host 
computer. 





TURRET DRILL 


Figure 9. Magnetic Tape Unit to Turret Drill 


Figure 10. Erratic Rate to Steady Rate with Gaps 
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Figure 11, Keyboard to Magnetic Tape Unit 








HIGH-SPEED 
HOST 
COMPUTER 






Figure 12. Multiple Processors Receive High-Speed Burst 
Commands, Execute at Slower Rate, Accumulate 
Status Information at Siow Rate and Transmit Sta- 
tus at Burst Rate when Polled 


Erratic Rate to Steady Rate 


In many cases data is transmitted at an erratic or unpredictable 
rate, but must be formed into steady high-speed bursts (Figure 
10) to be efficiently used by the receiving device. A typical 
example of this situation is the keyboard to tape machine shown 
in Figure 11. The information is generated by the keyboard 
operator at a very erratic rate. The FIFO is used to avoid starting 
and stopping the tape at irregular intervals to record single 
characters. As a result, the tape unit can record data in longer 
records, thereby saving tape and saving the higher cost of an 
incremental tape recorder. 


Skew Buffering 


Up to this point all the examples we have considered have 
involved parallel words of digital data where each bit in each 
word was transmitted simultaneously with the other bits in that 
word. In high-speed magnetic tape readers and other high- 
speed devices, this may not bea realistic assumption. Figure 13 
shows a hypothetical 4-bit magnetic tape system reading four 
parallel tracks from a tape. Before this data can be used ina 
digital system, it must be amplified, properly formatted and 
stored in an output register. Usually the individual bits of a given 
data word have been skewed with respect to each other during 
the record and playback operations. The actual data from the 
tape heads may look something like Figure 14. In some systems 
individual bits may be skewed as much as three words away 
from their companion bits. Deskewing the signals from the tape 
is an ideal application for the high speed of the 67401/A/B FIFO. 
In such systems there is usually other information about the 
skewed bits that can be detected and used to help deskew the 
data. In this application a separate FIFO must be used for each 
parallel bit of raw data. The remaining three bits of the FIFO may 
be used to buffer other data relating to the raw data. In our 4-bit 
example, skewed data is stored in bit zero of four parallel FIFOs 
and deskewed data is read at their outputs at the same average 
word rate for input and output. 
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Figure 13. Magnetic Tape Lead to MTU Output 
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Figure 14. Magnetic Tape Deskewing 
Data Buffering for Delay 


In many applications the read and write rates of the FIFO are the 
same and may even be synchronized. This occurs when the 
data originating from the source must be delayed before it can 
be accepted by the destination device. If the destination for the 
data is a computer and it is occupied by controlling the source 
while the data is being generated, then the source data can be 
stored in the FIFO until the computer is freed from that task. 
Then it can immediately begin processing the data from the 
FIFO in the order that it was generated. 


FIFO Detailed Description of Operation 


The Monolithic Memories’ 67401 (Figure 15) is a high-speed, 
bipolar FIFO with a capacity of sixty-four 4-bit words. Four data 
lines, an active high READY status signal, and a clock input are 
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provided for both the input port and output port. Also provided is 
a master reset signal that logically clears the FIFO to the empty 
condition. 

Data is entered into the first stage of the FIFO whenever the 
“AND” of the INPUT READY output signal and the SHIFT IN 
signal makes a LOW-to-HIGH transition. The device acknowl- 
edges the acceptance of data into the first stage by providing a 
LOW output on the INPUT READY line. The data then remains in 
the first stage until the SHIFT IN signal and INPUT READY 
signal are both LOW, and the next memory cell is empty. The 
device then passes the data from the input stage to the next 
memory cell thus freeing the input stage to accept another word. 
The device indicates.the ability to accept the next word by 
providing a HIGH output on the INPUT READY pin. 


Internally the data is passed from one cell to the adjacent down- 
stream cell, as soon as the adjacent downstream cell is empty. . 
This internal transfer operation occurs at a higher rate than data 
can be written into and read from the device. 


The output stage is loaded with new data whenever it is empty 
and the next stage upstream is not empty. The loading of the 
output stage is indicated by the OUTPUT READY signal making 
a LOW-to-HIGH transition. A specified delay time after both 
OUTPUT READY and SHIFT OUT signals are HIGH, the OUT- 
PUT READY signal will go LOW. The output becomes empty 
when the SHIFT OUT signal makes a high-to-low transition. The 
timing diagram for these operations is shown in Figures 16 and 17. 







62 WORD 
BY 4—BIT 
MAIN 






INPUT 







OUTPUT 
CONTROL 


SHIFT LoGIC 


IN 


MASTER RESET 
Figure 15. Logic Diagram 67401 FIFO 


@ 










Figure 16. The Mechanism of Shifting Data Into the FIFO 
@® Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 


@® Input Data is loaded into the first word. 
@® Input Ready goes LOW indicating the first word is full. 


© The Data from the first word is released for “fall-through” to second word. 

@® The Data from the first word is transferred to the second word, The first word is now empty as indicated by Input Ready HIGH. 
© If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
Note: Shift tn pulses applied while Input Ready is LOW will be ignored. 
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Figure 17. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 


@® Shift Out goes HIGH causing the next step. 
@® Output Ready goes LOW. 


@® Contents of word 62 (B-DATA) is released for “fali-through” to word 63. 
@® Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 
© If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


On Cascading Issues 


FIFOs sometimes have insufficient depth or width for a particu- 
lar application. These FIFOs can be cascaded to increase the 
depth and expanded to increase the width of the data word. In 
order to expand the width the shift-ins of all the FIFOs should be 
tied together. Figure 18 shows the technique for implementing a 
64x12 FIFO with 67401/A/B. IR and OR signals from all the 
FIFOs should be tied separately as shown. Also the shift-out 
clocks and the master resets of all the FIFOs should be tied 
together. 







COMPOSITE 
INPUT 
READY 


SHIFT IN 


MASTER RESET 


Figure 18. 64x12 FIFO with 67401/A/B 


FIFOs are expandable in depth and width. However, in forming 
wider words two external gates are required to generate compo- 
site Input and Output Ready flags due to the different fall- 
through times of the FIFOs. 


Fora greater depth (increasing the number of words that can be 
stored in the FIFO) the technique is ahown in Figure 19. The 
Output Ready of the first FIFO becames the Shift-In for the 
second FIFO, while the Input Ready of the second FIFO 
becomes the Shift-Out for the first FIFO. Figure 19 shows the 
implementation of a 128x4 FIFO. The handshake which takes 
place between the two FIFOs is shown in Figure 20. After the 
master reset is asserted LOW the input ready of both the FIFOs 
goes HIGH waiting for data to be shifted in. When a word is 
shifted into the first FIFO it ripples to the outputs of the first FIFO, 
which are actually tied to the inputs of the second FIFO. 


Once the data has rippled to the outputs of the first FIFO, it finds 
that Shift-Out was already HIGH (since it is connected to Input 
Ready 2, which was HIGH to indicate the second FIFO’s ability 
to accept another piece of data). Thus, Output Ready 1 goes 
HIGH. 


This instantly causes Shift-In 2 to go HIGH, telling the second 
FIFO to accept the data on its inputs. After a time tIRL, then 
Input-Ready 2 goes LOW. This means Shift-Out 1 also goes 
LOW, telling the first FiFO it can place the next data on its 
outputs. 


‘FIFOs can be easily cascaded to any desired depth. The 


handshaking and associated timing between the FIFOs are 
handled by the FIFOs themeselves. 
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Figure 19. Cascading FIFOs to Form 128x4 FIFO 
2 ‘with C5/C67401A/1 
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Some Design Considerations | 


AFIFO is an asynchronous device, hence great care should be 
exercised in designing with FIFOs. VCC should be clean, as 
noise on VCC can cause multiple shift cycles, internally. 
A recommendation is to add an 0.1-nF disk capacitor between 
VCC and GROUND. FIFOs should not be used to drive long 
lead lengths because of sensitivity to reflections. Always Mas- 
ter reset before starting any FIFO operation. Shift-In (Sl) and 
Shift-Out (SO) rise and fall times are also important. It is 
recommended to use a Schottky device as a driver, to avoid 
multiple shift-ins. 


Application Examples | 
UART to CPU Data Buffer 
A UART is an MOS/LS! device designed to provide the data 


interface between a serial communication link and data pro- 
cessing equipment. When transmitting serial data the UART 





accepts parallel data bytes from the computer's data bus, con- 
verts to serial data, and adds start, parity, and stop bits. The 
receiver section of the UART accepts serial data from a trans- 
mission line, modem, or terminal, validates the data by checking 
proper start, parity and stop bits, and converts the data to 
parallel bytes to be read by the computer on its data bus. In 
effect, the UART is a monolithic serial I/O port for the compu- 
ter. Serial data rates up to 9600 baud are permitted by the 
UART, but much slower rates (110 to 300 baud) are commonly 
used to interface terminals. 110 baud corresponds to 10 bytes 
per second at the data bus. FIFOs can be used between the 
computer’s data bus and the UART in both receive and trans- 
mit mode to match the low serial transmission rates to high 
speed bursts that make much more efficient use of the compu- 
ter’s time and memory space. A logic diagram for this interface 
is shown in Figure 21. Four 67401 FIFOs are connected in a 
series/parallel arrangement for both the transmit and the 
receive buffers. This arrangement permits a 128-byte buffer 
capacity for transmit and 128 bytes for receive. The buffers can 
be expanded easily in both width and length to accommodate 
different computers or greater buffer capacity. 
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Figure 21. UART Data Buffer Logic for XMIT and RCV Using 67401 FIFOs 


Transmit Buffer Operation 


The interface shown in Figure 21 allows the computer to write 
bursts of up to 128 bytes at the maximum data rate of the 
computer into the 67401 FIFO array. The input ready signals 
are ANDed together and fed back through a status port to the 
computer data bus so that burst data may be written under 
program control as rapidly as the write program will allow. The 
UART reads the outputs of the FIFO array one byte at a time, 
adds start, stop and parity bits and serializes the data to the 
serial output at the desired transmission rate (assumed to be 
much slower than the input burst rate). Assuming that the FIFO 
array is initially empty, the operation proceeds in accordance 


with the timing diagram in Figure 22. When the first parallel - 


byte reaches the output of the buffer, the Output Ready lines go 
high. When both OR1 and OR2 have gone high, the NAND gate 
drives the UART’s Transmit Buffer Register Load (TBRL) signal 
low. After the tPHL delay in the UART, the Transmit Buffer 
Register Empty (tBRE) signal goes LOW, causing the UART to 


begin shifting out the serial data. tBRE is inverted and a HIGH 
signal is fed back to the shift out (SO) inputs causing the Output 
Ready lines to go LOW. When all bits have been shifted out of the 
transmit buffer register and tBRE is returned HIGH, SO is driven 
LOW. After the internal FIFO delay tORH the OR lines return 
HIGH if a new byte is available at the output of the FIFO and the 
process repeats until the buffer is emptied. 


Transmit Buffer Empty Logic | 


In many applications of the 67401 FIFO it is necessary to 
determine when the transmit buffer is empty or the receive 
buffer is full. The logic required to provide both these signals is 
shown in Figure 21. 


The 67403D from Monolithic Memories features two status flags: 
a Half-Full flag and an Almost-Full/Empty flag. These status 
flags can be used to signal to the system that the FIFO is 
approaching an empty state or a full state. 
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Figure 3. Fall-through, Single-stack, FIFO Architecture 


A new approach to the design of FIFOs significantly enhances 
their maximum operating frequency by blending these two 
architectures. This hybrid approach, used in the design of the 
57/67413A at Monolithic Memories, is a mix of mostly fall- 


through or “stack” architecture with a small amount of pointer - 


operation i.e., RAM-based technique. 


When a word of data is written into the “Fall-through” FIFO, it 
“trickles down” and stacks on top of the residing words. Whena 
word is read out, an empty location is created at the bottom and 
all residing words drop down, making the empty location 
“bubble up.” 
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Figure 4. RAM-based FIFO Architecture 


' ARAM-based FIFO consists of a memory array, a write address 


counter, a read address counter, and a status counter/sub- 
tracter. When a word is entered into the FIFO, itis written into the 
location pointed by the write address counter. The counter is 


- then incremented to point at a subsequent location. The read 
" address counter is used to point at the location of a word which 


is read out of the FIFO. A subtracter can be used to keep track 


‘of the difference between these two counters and signa! when 


the FIFO is full or empty. In order to achieve high speeds, “ring” 
address counters and a comparator are used instead of tradi- 
tional binary counters and a subtracter. 
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Figure 5. '413 Dual-stack, Hybrid Architecture 


The internal architecture of Monolithic Memories’ 57/67413 
FIFO incorporates a dual stack and a pointer to double the 
maximum frequency and halve the fall-through time. The 
57/67413 has sixty-four words, of five bits each, arranged in two 
separate thirty-two word “fall-through” stacks, an input port, an 


‘output port, and two side pointers: The input port andthe output 


port each generates its own handshake signals. The input side 
pointer controls the demultiplexing of incoming data into the 
two stacks, and the output side pointer controls the multiplexing 
of the outgoing data from the two stacks onto the output port. 
The multiplexer and demultiplexer are incorporated in the input 
and output ports. 
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High-Speed Disk Memory Buffer 


A common computer interface requirement is a high-speed 
serial data interface to a disk memory or other high-speed 
device. Data is often formatted into records, tracks or other 
blocks that can be taken together and transmitted as a burst. 
In the case of a high-speed, high-density disk the data transfer 
must be made when the desired data passes by the read head. 
In order for the computer to use this data it must be converted to 


parallel data words the size of the computer's basic data word 
and then resynchronized at a parallel word rate that is conve- 
nient for the computer. The reverse of this operation is required 
to write serial data from the computer to the disk. The logic block 
diagram (Figure 24) shows a method for accomplishing both 
serial-to-parallel read and parailel-to-serial write using 67417, 
67401 and 67402 FIFOs to buffer 16-bit data words between a 
microcomputer anda high-speed disk. Serial data rates up to 10 
MHz are possible with the components shown in the diagram. 
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Second Generation FIFOs Simplify System 
_ Design and Open New Application Areas 


In many digital systems, different sections of the system operate 
at different rates and transmit or receive data in various formats. 
A simple example is a microprocessor connected to a slow 
peripheral such as a tape reader or a slow main memory. It is 
more efficient to have the microprocessor transmit and receive 
blocks of data at its full speed, but the peripheral must, due to its 
basic nature, transfer data one “piece” at a time, ata slow steady 
rate. A FIFO, used to buffer a block of data, can simplify the 
hardware design, and allow each subsection to handle the data 
transfer at its own characteristic pace. 


WW121A 
JULY 1988 


Zwie Amitai, Barry Hoberman and Nusra Lodhi 


First-In First-Out (FIFO) memories are devices used to buffer 
between subsystems which have different data rates. Recent 
innovations in FIFO architecture resulted in a still faster FIFO 
semiconductor device — Monolithic Memories’ 67413 — which 
operates in frequencies exceeding 35 MHz. New application 
areas induced the design and development of system-oriented 
FIFOs: the 54/74S417 Serializing FIFO which incorporates serial- 
to-parallel and paralle!-to-serial conversion on the same chip, 
and the 4219 FIFO RAM Controller, which is used with an array 
of static RAMs to create very deep FIFOs (up to 64K deep) of 
indefinite width. 7 
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Introduction 


In many digital systems, different sections of the system operate 
at different rates and transmit or receive data in various formats. 
A simple example is a microprocessor connected to a slow 
peripheral such as a tape reader or a slow main memory. It is 
more efficient to have the microprocessor transmit and receive 
blocks of data at its full speed, but the peripheral must, due to its 
basic nature, transfer data one “piece” at a time, at a slow steady 
rate. A FIFO, used to buffer a block of data, can simplify the 
hardware design, and allow each subsection to handle the data 
transfer at its own characteristic pace (see Figure 1). 


First-In First-Out (FIFO) memories are devices used to buffer 
between subsystems which have different data rates. Recent 
innovations in FIFO architecture resulted in a still faster FIFO 
semiconductor device — Monolithic Memories’ 67413 — which 
operates in frequencies exceeding 35 MHz. New application 
areas induced the design and development of system-oriented _ 
FIFOs: the 54/74S417 Serializing FIFO which incorporates serial- 
to-parailel and parallel-to-serial conversion on the same chip, 
and the 4219 FIFO RAM Controller, which is used with an array 
of static RAMs to create very deep FIFOs (up to 64K deep) of 
indefinite width. 
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Figure 1. Slow Steady Rate to Fast ‘Blocked Rate’ FIFO 
Applications 


_ FIFO Architectures Exhibit 
Performance Trade-offs 


AFIFO— First-In First-Out — is a dual port memory, from which 
data can be read only in the same order in which it was written. 
A FIFO has two independent ports: an input port and an output 
port. Each port has a READY output and a SHIFT input, which 
allow the system to access the FIFO. Newer FIFOs have 
additional “status” flags. The 67413 has a HALF-FULL flag and 
an ALMOST-FULL/EMPTY flag. The ALMOST flag indicates to 
the system that an action has to take place to maintain the data 
flow. The HALF-FULL flag is used to determine which action 
must take place: start filling or start emptying the FIFO to main- 
tain continuous data flow (Figure 2). 


jee Aggie 
NGG Sain ES, 





“THE STATUS FLAGS ON THE HIGH-SPEED ‘413A FIFO 
INDICATE WHEN THE FIFO IS CLOSE TO BEING FULL 
-OR CLOSE TO BEING EMPTY, OR MORE or LESS 
THAN HALF FULL... 


There are two approaches to FIFO internal architecture. One is 


‘the “Fall-Through” architecture based on shift-register tech- 


nology such as in Monolithic Memories’ 57/67401/2. The other 
approach, the “RAM-based” approach, uses a random access 
memory (RAM) array and pointers (i.e. counters) that keep track 
of the order of the data read and written. An extreme case of the 
latter architecture is a FIFO constructed from an array of 
memory chips and an LS| FIFO RAM Controller that consists of 
the above mentioned counters/pointers and contro! logic. Each 
approach has its advantages and drawbacks. A successful 
compromise between these two architectural approaches led to 
the 67413’s unique architecture allowing super-fast operation 
with a relatively low fall-through time. 


20] vec 


19} ALMOST FULL/EMPTY 


OE [1 


HALF FULL | 2 | 









INPUT READY } 3 | 118) SHIFT OUT 


117] OUTPUT READY 
] 16} OO 
115) O1 
aoe | ures 
D3 135 O3 
1124.04 


11 MASTER RESET 


5/67413 


Figure 2. 67413 Pin Configuration 
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Receive Operation | 


The receive buffer logic is shown in the right hand portion of 
Figure 21 and the timing diagram is shown in Figure 23. The 
UART receives serial data with start, stop, and parity bits, evalu- 
ates parity, and converts the data to parallel bytes to be stored in 
the FIFO at the slow or erratic receive rate. The Data Ready (DR) 
signal of the UART is tied to SI on the two FIFOs and the two IR 
lines are ANDed together to drive the Data Ready Reset (DRR) 


line of the UART. When the FIFO is ready to accept a byte of data 


from the UART, the AND of the two IR signals holds DRR HIGH. 
if the UART has a new byte, it sets DR HIGH, driving SI HIGH to 
enter the new data into the input register of the FIFOs. After the 
tIRL delay, IR goes LOW driving DRR LOW. After the tPHL delay 
in the UART, DR goes LOW driving S!} LOW. If the FIFO is not full, 
IR returns HIGH after tIRH indicating to the UART that the FIFO 


FIFO EMPTY | BYTE REACHES END OF FIFO 





OR1 ¢ OR2 


TBRL 
{PHL 
| “UART) 


TBRE 


so 


is ready for the next byte. This cycle repeats until the UART has 
no more data or the FIFO buffer is full. 


Within the FIFOs each new data byte propagates to the top of 
the available storage until the computer decides to read the 
stored words at its higher burst rate. The FIFO outputs drive a 
three-state bus driver interface to the computer data bus. 
67403 has a three-state capability. The OR signal is available to 
the computer via the status port which can be sampled period- 
ically by the computer to determine when new data is available. 


‘The computer program initiates data transfers to the bus at its 


maximum rate by enabling the three-state buffer for each byte 
and checking the status port between each read cycle. 


If the UART fills the FIFO buffer before the computer can get 
around to dumping it, the almost-full flag generates an interrupt. 


TRANSMIT TIME 'ORH 
(FIFO) 








Figure 22. Timing Diagram, Transmit Buffer Operation 
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Figure 23. Timing Diagram, Receive Buffer Operation 
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Figure 24. High-Speed Serial Interface 
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SHIFT IN 


INPUT READY 








Wi) 


INPUT DATA 
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J Input Ready HIGH indicates space is avaitable and a Shift-In pulse may be applied. 
w Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 
Input Ready goes LOW indicating the first word is full. 
W Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
) If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 5). 


Figure 6A. The Mechanism of Shifting Data into the FIFO 


SHIFT OUT 


OUTPUT READY 










WAY 


OUTPUT DATA 






























@® Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


® Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@® Output Ready goes LOW. 
©® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


Figure 6B. The Mechanism of Shifting Data Out of the FIFO 


The above internal scheme is transparent to the user, who is flow put of the FIFO (see Figure 6B). A Master Reset (MR) signal 
required only to conform to the FIFO’s simple, asynchronous is provided to clear the FIFO. The master reset must be pulsed 
handshake protocol. Two signals: Input Ready (IR) and Shift Out - (LOW) after power-up to prepare the FIFO to accept data in the 
(SO) control the data flow into the FIFO (see Figure 6A). Two _first location. 


signals: Output Ready (OR) and Shift Out (SO) control the data . 
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Figure 7. High-speed Processor Architecture 


FIFO Interface Allows Subsystems to 
Operate at Independent Rates 


In pipelined architectures, as shown in Figure 7, a number of 
events take place concurrently. Instructions are fetched from the 
memory into a cache, instructions undergo processing in the 
Instruction Decoder, and the output of this unit initiates the 
sequence of executable microinstructions. 
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Figure 8. An Instruction FIFO and an Effective Address FIFO 
in a Basic Instruction Decoder 


The concept of “free-running,” independent subsystems that are 
interfaced via FIFOs can be further carried to the main memory 
section. Here, too, efficient choices of the data bus speed and 
address bus speed do not necessarily match the inherent speed 
of the main memory. Four FIFOs can simplify the interface of the 
main memory to the address and data buses, as shown in 
Figure 9. 


DATA BUS 









MAIN 
MEMORY 
MODULE 


INTERFACE 
UNIT 






ADDRESS BUS 


Figure 9. Four FIFOs Simplify Main Memory Interface 


In order to achieve high throughput, the instructions are queued 
in an instruction FIFO, and the instruction lookahead can 
operate on the instructions independently of the data bus 
Operations. A basic function of the instruction decoder is to 
compute and provide an effective address to the address bus 
(Figure 8). Once again, the rate of the address generation must 
fit the rate at which the addresses are needed. An effective 
address FIFO simplifies the design of the system sections, 
enabling each to operate independently, as long as their average 
throughputs are the same. The high speed of the 67413 (85 MHz), 
and its short fall-through time make it anatural candidate for this 
task. A three-state output stage with high drive can directly drive 
a bus and does away with the additional delay caused by buffers. 


Fast FIFOs Capture New Application 
Domains 


The existence of very fast FIFOs brought about new application 
domains such as data acquisition of fast signals. The following 
systems exhibit typical high-speed data acquisition techniques 
using high-speed memory buffers to accommodate data rate 
differences between the signals and the data logging system. 
The system shown in Figure 10 detects and stores the pulse rate 
and frequency of radar signals using a Bragg cell. Both amplitude 
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Figure bo Radar Frequency and Pnpnuee Acquisition 


and frequency data arrive at the ae of 50 MHz and are buffered 
by FIFOs. A Bragg cell translates the frequency of the radar 
signal into a deflection of a laser beam, and the amplitude of the 
radar signal into the intensity level of the laser beam. The 
deflected laser beam hits one or two fibers out of a collection of 
fibers of different lengths, that are connected to a photocell. The 
signal arrives at the photocell after a delay determined by the 
length of the fiber. Therefore, the delay relates directly to the 
radar frequency. A counter is used to measure the delay. The 
counter is reset when the laser beam is triggered, and once the 
beam is detected at the photodetector, its contents are written 
into a buffer. This technique is quite general and can be used 
also for pulse rate measurement. The laser beam intensity is 
sampled, converted to a digital format, and written into another 


DATA BUS (10 MHz) 











| MULTIPLEXER | 


FIFO - RAM1 
7x67413 
64x32 
FIFO 


FIFO - RAM2 — 


PARTICLE 
FLIGHT 
DETECTOR 


buffer. Two FIFOs anda multiplexer are needed for each buffer 
to allows data rates over the FIFO’s 35-MHz maximum operating 
frequency up to 70 MHz. , 


Another data acquisition application is a Particle Flight Detector. 
Due to the nature of the observed phenomena, the data coming 
out of a Particle Flight Detector is generally in short bursts. The 
temporal frequency of the data exceeds 30 MHz while the 
average rate of the data stream is much lower, and can be 
handled by a standard bus such as the SYSBUS (32-bit, 10-MHz 
international standard bus for physics instrumentation). The 
block diagram shown in Figure 11 utilizes an array of 35-MHz 
FIFOs to handle the bursts of data and two arrays of static RAMs 
to ensure maximum bus throughput. 


MEMORY-BUS TRANSFER K C. K+1 


- Figure 11. Particle Flight Detector Interface to a 10 MHz Bus (SYSBUS) 
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Figure 12. A FIFO RAM Controller and Static RAMs Make a Very Deep FIFO of Variable Width 


Very Deep FIFOs implemented by an 
LSI Controller and a Static RAM Array 


The search for system-oriented LS! solutions for very deep 
buffers, such as those needed for communication networks, 
resulted in the development of the FIFO RAM Controller which 
can make a static RAM array look like a FIFO (see Figure 12). 
The 54/74S4219 FIFO RAM Controller integrates all address 
generation and status detection needed to control the static 
RAMs, giving the system designer two simple “handshake” 


4219 
CLOCK 


WRDY 





WREGCK 


ADDRESS 





signal sets for input (write) and output (read) operations. A read 
counter and a write counter provide the read and write 
addresses, while an up-down counter keeps track of the dif- 
ference between these two counters.. The status flags include 
the FULL, EMPTY, ALMOST-FULL/EMPTY, and the HALF-FULL 
flags, and are generated according to the buffer length selected. 
The buffer length can vary from 512 to 64K words, and the 
maximum data rate at each port exceeds 15 MHz. Arbitration 
between read and write requests is done in the controller 
according to priority rules pin-selected by the user. 


@ WADY is HIGH; new Write requests may be made. 


@ AWrite request is made (WREQ pulled LOW) asynchronously of the '4219 clock. 
© The request is synchronized, WRDY goes LOW to indicate that no Write request should be made. WREGCK goes LOW. 
@ WREGCK goes HIGH clocking the data into the Write Data Register. 


@® A Write cycle takes place over two '4219 clock cycles. 


Figure 13. '4219 Write FIFO Operation 
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Figure 14. ’67417 Serlalizing FIFO Architecture 


The '4219 was designed to isolate the static RAM array from the 
rest of the system so that the handshake protocol will be similar 
to the protocol required by most FIFOs. The '4219 generates all 
the control signals for the static RAMs, and the subsystems on 
either side monitor two outputs of the '4219 (the Register clock 
and the Ready) and supply only one contro! signal (Request). 
The protocol of the write (input) FIFO transaction is shown in 
Figure 13. The data must be available at the write data register no 
later than one '4219 clock cycle after the write request has been 
asserted. The data may be terminated after WREGCK has gone 
HIGH clocking the data into the register. The read (output) FIFO 
transaction protocol is similar. The data is available at the read 
data register outputs once RREGCK is HIGH. The priority 
controls and the request enables give the system designer more 
flexibility in his system design, and allow one subsystem to take 
either complete contro! of the FIFO. operation, or just priority in 
case of simultaneous write and read requests. 


System Oriented FIFOs Incorporate 
Serializing/Deserializing Functions 


The 67417 is a serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing operations. Itcan 
be successfully used for interfacing parallel-format computing 
equipment to serial-format data communications and mass 
memory equipment. The device's architecture (see Figure 14) 
includes one parallel port for both input and output of parallel- 
format data, and two serial ports: one for input and one for 
output. Data flow can be parallel-to-serial, serial-to-parallel, and 
serial-to-serial. Each port has its own Request-Ready signal pair 
and is accessed using a simple handshake protocol similar to 
the one used for most FIFOs. 





Most applications of the 67417 conform to the block diagram 
shown in Figure 15. The ability to change the FIFO’s direction 
may be used to reduce chip count in systems that always empty, 
the FIFO contents before changing the direction of the data 
transfer. Other applications may use two FIFOs back-to-back to 
create a FIFO transceiver with serializing/deserializing capability. 


The word length of the parallel format can be eight or nine bits 
(selected by the WL pin), and can be changed when the FIFO is 
partially full. This feature allows the FIFO to be loaded with 8-bit 
words and unloaded as a 9-bit FIFO with zeros in the 9th bit 
locations. 


CONTROL 


SERIAL 
DATA SERIAL 
DATA 
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CPU 
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FORMAT) LINK 
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Figure 15. 67417 Serializing FIFO Interfacing a CPU 
and a Serial Data Communication Link 


With the availability of high-speed FIFOs with “system-oriented” 
features, such as high drive and status flags, system designers 
can have amore compact and flexible system architecture. New 
application areas appear for the new FIFOs using their higher 
speeds and special features. 
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Abstract 


’ The First-In, First-Out Memory (FIFO) allows the system 
designer to buffer two streams of data which are running at 
different rates, even asynchronously. This application note 
pertains to cascadable FIFOs, which can operate as a 
single-component data buffer, or can be cascaded to form 
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deeper, multi-component, customized buffers. Ensuring that 
these devices can cascade over a large frequency range, and 
with asynchronous data streams, requires certain timing 
criteria to be satisfied. These criteria are the focus of this 
application note. 
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Operation Overview 


Small FIFOs are controlled by two signals, Shift In (SI) and 
Shift Out (SO). There are two status signals generated by the 
FIFO: Input Ready (IR) and Output Ready (OR). A typical small 
FIFO pinout is shown in Figure 1. 





NC/OE| 1| 
INPUT READY | 2 | 
SHIFT IN] 3 | 

‘pol 4] 
bi] 5 | 
D2] 6 | 
D3 12 | 03 
D4] 8 | 
GND] 9 | 


DATAIN 


10 | MASTER RESET 


Figure 1. Typical Small-FIFO Pinout 


Data is shifted into the FIFO as follows: 
1.. Sland IR both being HIGH initiates the shift in. 


2. The FIFO internally detects a valid shift in by ANDing the 
SI and IR signals. 


3. Data is latched by the FIFO when this valid shift is 
detected. 


4. The FIFO acknowledges the valid shift by bringing IR 
LOW. 


5. The SI line is brought LOW to complete the shift in 
operation, and to reset the valid shift detect. 


6. IR returns HIGH if there is room for new data. 


Data is shifted out of the FIFO as follows: 
1. SO and OR both being HIGH initiates the shift out. 


2. The FIFO internally detects a valid shift out by ANDing the 
SO and OR signals. 








3. The FIFO acknowledges the valid shift out by bringing OR 
LOW. 


4. The SO line is brought LOW to complete the shift out 
operation. 


5. If the FIFO is not empty, OR will return HIGH following SO 
going LOW. Whenever OR is HIGH, a valid data word is 
present at the outputs. 


The shift in operation is independent of the shift out operation, 
allowing data to be shifted in at a different rate than it is shifted 
out. The FIFO indicates that it is full by holding IR LOW after a 
shift in, and that it is empty by holding OR LOW after a shift out. 


Cascading 


lf a deeper buffer size is required, two or more FIFOs may be 
cascaded, as shown in Figure 2. 


The operation of this buffer is identical to that of the single 
FIFO buffer. The user controls the shifting of data into the most 
upstream part, and the shifting of data out of the most 
downstream part. This composite buffer has the same hand- 
shake (SI, IR, SO, and OR) and data (DO..D4, O0..04) lines as 
a single FIFO. 


The user has control over the data as it enters and leaves the 
buffer. The passage of data through the “middle” of the buffer 
is beyond user control. This data must be capable of being 
correctly transferred between any of the “middle” devices at a 
rate greater than or equal to the overall buffer throughput rate. 


The point of data transfer between two FIFOs is called the 
cascade interface. There are numerous timing criteria which 
must be satisfied by the FIFOs on each side of this interface in 
order to ensure a flawless transfer of data. This is true even for 
two-FIFO buffers, in which the“middle” of the buffer consists of 
a single cascade interface. Such criteria must be satisfied at 
all frequencies within the operating range, and for asynch- 
ronous data streams. The following cases illustrate the various 
timing conditions that may be encountered whenever two or 
more FIFOs are cascaded. 


IR eoo~—iIR SO so 
sl ove SI OR OR 
5 5 
DATA“ eee OUTPUTS 
(D0-D4) (00-04) 
FIFOA FIFO B FIFO X FIFO Y 
CASCADE 
INTERFACES 
<+——— UPSTREAM DOWNSTREAM > 


Figure 2. A Cascaded Buffer 
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Case 1: Low-Frequency Fallthrough 
Monolithic Memories’ shallow FIFOs are fal/through devices, 
that is, the first word shifted into an empty part automatically 
“falls through” the buffer and it becomes visible at the outputs. 
Its presence is indicated by the rising edge of OR. The following 
sequence describes this fallthrough action as a word is shifted 
into FIFO A (see Figure 2): 


1. IR of FIFO Ais HIGH because the device is empty. 


2. The user brings SI HIGH, latching ne data word and 
commencing a shift in. 


3. Slis then brought LOW to release the word for fallthrough. - 


4. OR of FIFO A will go HIGH within the “fallthrough time” 
(tPT). OR going HIGH signals a valid word at the outputs. 


5. IRof FIFO Bis HIGH because it, too, is empty. ° 


6. Because OR of A is tied to SI of B, a valid shift in is ae 
into FIFO Bon the rising edge of OR. 


7. Because IR of B is tied to SO of A, a valid shift out is were 
(SO*OR = 1) out of A. 


8. . Data is simultaneously shifted out of A, and into device B. 
_ The transfer is thus begun. 


9. Because a valid shift out is detected in A, OR goes LOW 
’ to acknowledge it. This becomes a falling edge on SI for B. 


10. The transfer is now complete. The word falls through B, 
then through FIFO C, and so on, until it reaches the 
outputs of the bottom FIFO. 


The timing diagram for foweirequency fallthrough is shown in 
pues: oe 


SO(IR) tre a te ay ; 


tips (REQ) | 


ga 
OR(SI) - , {~~ ‘or —\ ; 
I wes 


- |<—'orp—>| 






DATA 


Figure 3. Low-Frequency Fallthrough 


The term “low frequency” means that the time between arrival 
of words is long relative to the time required for a data transfer. 
There is a basic set of timing requirements that must be 
satisfied in all fallthrough cases, plus an additional one for 
high-frequency operation. The basic set will now be discussed. 


Consider a cascade interface between FIFOs X and Y of Figure 
2. The OR of X goes HIGH, then is quickly reset once a valid 
shift out is detected. The duration of this OR pulse, termed 


tOPH, must be long enough to be used by the SI of the. 


downstream FIFO (Y). Specifically, 


OPH > tSIH(required) [1]- 
This requirement is shown as a a function of temperature in 
Figure 4. 










‘SiH 
(REQUIRED) + 





OPH 





TIME — nsec 


TEMPERATURE ~°C 


Figure 4. topH Vs. ts}H at a Particular Vcc 


The tOPH requirement is derived from histograms generated 


during the characterization of a broad sample of cascadable 
parts. The parts are tested individually at a variety of voltage 
and temperature conditions. Monolithic Memories specifies its 
cascadable FIFOs with a reliable margin between Lh tOPH and 
tSIH histograms under each condition. 


A short logic 1 pulse on SI will produce a short logic 0 pulse 
(tIPL) on IR. tIPL must be long enough to be recognized as a 
legitimate SO low pulse by the upstream part X. Thus, 


tIPL > tSOL(req) [2]. 


There is a direct relationship between tSIH and tIPL. ‘The 
requirements on tIPL from [2] are used to dictate the 
requirements on tSIH. The parameter tjp_ is used only for 
characterization and internal testing and does not appear in 
Monolithic Memories data sheets. ts 


Next, there is the need for SO and OR to be siniuibeneatiely at 


~ a logic 1 long enough for the FIFO to detect a valid shift out. 


This time requirement, which is not found in the datasheets is 
termed tSOHR(req), “time for SO to remain high after OR goes 
high.” If IR, which drives SO, goes LOW too soon after a valid 
shift in is detected in Y, the tSOHR requirement in X may be 
violated. If so, no shift out will take place. Therefore, 


_ TRL > tSOHR(req) [3}- 


The parameter tSOHR is characterized and tested. It is 
normally small relative to tSOH. 


The last requirement for Case 1 pertains to data set-up. When 
in the fallthrough mode, input data is taken as valid on the 
rising edge of SI. The set-up time for this data (tIDS) must be 
met. Note, however, that meeting this set-up time is the 
responsibility of the upstream part (X). When X brings its OR 
pin HIGH, it indicates that new data is present. The time from 
OR HIGH to new data valid is termed tORD. Because this rising 
edge commences a shift in for ‘the downstream part, the 
following relationship must hold: 


ORD > tDS(req) [41. 


In all Monolithic Memories cascadable FIFOs tlIDS max is 
specified at zero, while tORD max is never specified greater 
than zero. By. this convention, [4] is always satisfied. The 
validity of inequality [4], and others documented in this 


application note, are ensured via the method of separation of 


parametric distributions, as illustrated in Figure 4. 


eam en sca es uc. mec ec i A a a a ee eT) 
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Case 2: Low-Frequency Bubbleback 


The term “bubbleback” is a hangover from the register-based 
FIFOs. Bubbleback occurs when one or more devices in the 
composite buffer are full, and a word is clocked out of the most 
downstream one. A vacancy is created in this bottom FIFO, 
and is soon filled by the first FIFO upstream from it. The 
vacancy then “bubbles back” all the way to the most upstream 
FIFO. In the process, a data transfer is required each time the 
vacancy crosses a cascade interface, as was the case for 
fallthrough. 


The following sequence describes this bubbleback action: 

1. Theuser shifts data out of the most downstream FIFO. 

2. Since this FIFO is no longer full, its IR pin goes HIGH. 

3. The first FIFO upstream from it held its OR HIGH, because 
it was not empty. 


4. The IR of the end FIFO is tied to SO of the FIFO above it. 
The rising edge on IR commences a shift out of the 
upstream FIFO. 


5. Simultaneous shift cycles occur in both FIFOs. IR of the 
end FIFO goes LOW to acknowledge the valid shift in. 


6. IR going LOW in the end FIFO resets the valid shift out of 
the upstream device. Since this upstream part is not 
empty, its OR pin returns HIGH. 


7. Because this upstream part now contains a vacancy, it 
commences a shift out of the next higher part. This 
process continues until the vacancy reaches the most 
upstream device. 


The timing diagram for the cascade interface is shown below. 


SOR) ‘ont ko — 


+ 'RipH (REQUIRED) ———> 






IR(SO) 


Figure 5. Low-Frequency Bubbleback | 


In bubbleback it is 1R going HIGH which initiates the transfer of 
data. IR goes HIGH, then is quickly reset once a valid shift in is 
detected. This is analogous to the fallthrough case in which OR 
is pulsed HIGH. The first three bubbleback inequalities, then, 
are merely t/O duals of [1] through [3]: 


tIPH > tSOH (req) [5], 

tOPL > tSIL(req) [6]; 

tORL > tSIHR(req) [7]. 
There is no data set-up requirement for low-frequency 
bubbleback since the next data word is present and waiting 
long before a vacancy arrives for it. This data must, however, 


satisfy a hold time requirement, as measured from the start of 
the valid shift in. 


As seen in Figure 5, SO-is brought LOW in the middle of the 
data transfer. Bringing SO LOW clears the upstream FIFO, 
causing its read pointer to advance. A new data word then 
begins its way toward the outputs. The current word being 
transferred eventually becomes “old” data, to be replaced by 
the next word. The time that the “old” data is held after SO goes 
LOW is called tODH. 


The bubbleback hold time requirement (see Figure 5) can be 
expressed as: 


tIPH + tODH > tRIDH(req) [8al. 
The parameter tRIDH is the data hold time, relative to IR going 
HIGH. It is measured relative to IR because, in the bubbleback 
case, IR initiates the shifting-in of data. 


Testing of [8a] is required to ensure cascadability in all 
outgoing parts. However, inequality [8a] mixes parameters 
from both the upstream (tODH) and the downstream (tIPH, 
tRIDH) parts. It is therefore necessary to rewrite [8a] so that it 
can be examined on individual parts: 


[IPH - tRIDH(req)! > tODH [8b]. 
The quantity on the left hand side of the equation becomes a 
new characterization parameter, called t1. If there is a 
sufficient margin between the test histograms of ti and tODH 
(as was the case for tOPH versus tSIH), then criterion [8a] will 
certainly be satisfied. 


Case 3: Higher-Frequency Fallthrough 


In Case 3, the frequency of operation becomes high enough 
such that the data transfer time is no longer negligible when 
compared to the time between arrivals of any two words. Still, 
the frequency is low enough such that the operation is clearly 
fallthrough, i.e., OR going HIGH initiates the transfer of data 
into a downstream part that is clearly waiting for new data. 


The timing diagram for this case is shown in Figure 6. 






SO(IR) 
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Figure 6. Higher-Frequency Fallthrough 


topH— 


Inequalities [1] through [4] from Case 1 still hold. One more 
must be added to account for the second rising edge of OR, 
which now occurs soon after the data transfer. 


The falling edge on IR, which occurs after a valid shift in is 
detected, is seen by the upstream part as a falling edge on SO. 
This implies a read pointer advance, which could bring new 
data to the outputs. In the low-frequency case there was no 
new data to bring, so the current word remained valid for quite 
some time. At higher frequency, there is a new word to bring to 
the outputs, which reduces the time that the current data is 


a 
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valid. There is the risk of a data hold time violation unless the - 


following relationship is met: 


tIRL + (ODH > tIDH(req) [9}- 
The parameter t}pH is the data hold time relative to S! going 
HIGH. 


As the frequency of operation gets continually higher, the 
second rising edge of OR falls closer to that of IR. The limiting 
cycle time for true fallthrough, as depicted here, is tiIRL + 
tORH, although this cycle time may not be obtainable due to 
limitations described in the section on natural frequency. 


Case 4: Higher-Frequency 
Bubbleback . 


In Case 4 the time between creations of vacancies approaches 
the time required for data transfer. However, the frequency is 
assumed low enough such that the operation is clearly 
bubbleback, i.e., the rising edge of IR initiates a shift out of an 
upstream part which is clearly waiting with valid data. 


The timing diagram for this case is seen below. 







SOR) ‘ont +> + — —— tny—-—— >| as FREQUENCY 
| GETS HIGHER 
ec | 





IR(SO) 


Figure 7. Higher-Frequency Bubbleback 


Inequalities [5] through [8} from Case 2 are still pertinent. One 
more must be added to account for the rising edge of IR, which 
reappears soon after the data transfer. 


As vacancies bubble back at ever increasing rates, there is the 
risk of violating the data set-up requirement as measured from 
the edge of IR. Specifically, the following relationship must hold: 


{CYCLE - tIPH - tODH > tRIDS(req) [10]. 

The parameter tRIDS is the set-up time relative to IR going 
HIGH. Inequality [10] tells us that if tCYCLE gets too short, there 
may be a data set-up violation. As seen in Figure 7, so long as 
we remain in bubbleback mode, with IR coming high after SI, we 
will have tIPH + tODH + |tORD} < tCYCLE, implying 
tCYCLE-tiPH-tODH > |tORD|. However, Monolithic Memories 
designs its cascadable devices such that tRIDS(req) < 0, and 
tORD < 0, thereby ensuring that there is no set-up violation. 


As the frequency of operation gets continually higher, the 
second rising edge of IR falls closer to that of OR. The limiting 
cycle time for true bubbleback, as defined here, is tORL + tlRH, 

although this cycle time may not be obtainable, as discussed in 
the next section. 


Case 5: Natural Frequency 


As mentioned previously, the user has no control over the : 
handshake operations at the cascade interfaces. If the user 
shifts words into a relatively empty buffer at low frequency, the 

cascade interfaces will operate in the fallthrough mode (Case 
1). If the user shifts words out of a relatively full buffer at low 

frequency, then the interfaces will be forced to operate in 

bubbleback mode (Case 2). For continuous operation at 

moderately high rates, the interface timing will begin to 
resemble one of the next two (3 and 4) cases. 


As the frequency is increased further, the interface timing may 
no longer be clearly bubbleback or clearly fallthrough. This is 
what occurs as the throughput rate approaches the natural 
frequency of the cascade interface. This natural frequency is 
the maximum frequency at which the handshake signals can 
negotiate part-to-part data transfers. Consider Figure 8. 


1 | 
SI(OR) { \ 4 \ 


; 1 
DATA Ya WY) ono 


Figure 8. Zero-Phase Incidence 


Figure 8 illustrates a perfectly legitimate handshake operation. 
There is clearly a shift in (SI*IR=1) and a shift out (SO*OR=1), 
implying a transfer of data. However, none of the previous 
cases directly apply since it is neither a fallthrough nor a 
bubbleback case. 


In the fallthrough mode SO was clearly high before OR, while IR 
went high clearly before SI. Thus, SO had positive phase 
relative to OR, while SI had negative phase. Likewise, the 
bubbleback mode has negative phase for SO and positive 
phase for SI. The relative phases of the SI and SO signals 
have important implications for the cascading parameters at 
high frequencies. As explained later, the natural frequency of 
cascading must be guaranteed higher than the maximum 
throughput rate applied to the cascaded FIFO system. 
Predicting and measuring the natural ireaueney poses some 
difficulties, as explained below. 


The fallthrough parameters tIRL, tOPH, tIDS, etc., are all 
characterized at positive SO, negative SI phase, whereas the 
bubbleback parameters tORL, tIPH, tRIDH, etc., are all 
characterized at positive SI, negative SO phase. When the 
relative phases approach zero from either side (Figure 8), the 
meaning of these parameters becomes ambiguous. Take for 
example the parameter “time from valid shift in (SI*IR=1) to IR 
going low.” For positive phases this quantity approaches the 
tIPH asymptote, while for negative phases it approaches the 
tIRL asymptote. When the phase is near zero, this quantity lies 
somewhere in between, as shown in Figure 9. . 


As indicated on the graph, a new name is required for this 
pseudo-parameter. It will be known here as tVSIRL, or “time 
from valid shift in to IR low.” Similar graphs can be generated for 
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the pseudo-parameter called tVSORL, as well as for t(R)IDS 
and t(R)IDH. This sort of graphical information is useful when 
analyzing operating characteristics at or near the natural 
frequency. At this point there are two approaches one can take 
to predicting the natural frequency: 


1).. Take an iterative approach to determine the minimum 


working values of phase (6), tVSIRL(4), ae ae) t 


(AIDS), etc., using two figures, 10 and 11.: 


‘VsIRLinsec 





- + 
¢{Sl, IR] /nsec — 


Figure 9. tysipL asa Function of Phase 
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Figure 10. Positive SO/OR Phase at Natural Frequency 
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rane 11. roe SIR Phase at Natural Frequency 


One needs to determine which of the two cases (Figures 10," 
11) has a lower maximum frequency. In equation form: 


1/fMAX = max{tvSIRL(O)+tORH:tVSORL(O)+tIRH} [11]. 


2) Approach (1) provides the exact value of the natural 
frequency, but only after a considerable amount of 
iteration. There exists a simpler approach to the problem, 
based upon the results of Cases 3 and 4. This approach 
yields a conservative estimate of the natural frequency, 
such that if the composite buffer is operated at or below 
this frequency, cascadability can be guaranteed. 


Figure 6 depicts fallthrough operation based on the assumption 
that tIRL + tORH is clearly greater than tOPH + tIRH. If this is 
not the case, then the second rising edge of OR could possibly 
occur before the second rising edge of IR. Then, the parameter 
tOPH is no longer valid, and should be replaced by the more 
applicable tORL. However, tORL pertains to cases where SO - 
arrives substantially after OR. If the rising edges of IR and OR 
are close to one another, then the applicable value may lie 
somewhere inbetween tORL and tOPH. To be safe, pee take 
the greater of these two values. 


The same reasoning applies for the breakdown of the 
fundamental assumption of Case 4. The following is a simple 
worst-case expression for {MAX at each operating condition: 


1/fMAX(we) = max{IVSIRL(max)#ORH-VSORL(max)+1RH) ) 
12a], 
where: 


tVSIRL(max)=Max{tiAL.tipH} [12b], | 
tVSORL(max)=Max{toRL:toPH} [12c]. 


Note that using the results of Cases 3 and 4 produced equation 
[12] which bears great resemblance to the more accurate 
expression in [11]. One strategy for dealing with cascadability 
is to design a FIFO with “flat” tVSIRL, tVSORL, t(R)IDS, etc., 
characteristics. This eliminates the dependence on signal 
phase, and fMAX can be expressed exactly as: 


1/MAX = Max{tiIRL+tORH:tORL+tiIRH} [13]. 


Such a strategy provides a more reliable cascade interface, 
and is well worth the price of a lower fMAX. 


It should be noted that the natural frequency at each operating 
condition (VCC, temperature) is unique, and is the limiting 
frequency regardless of how it is approached, whether by 
fallthrough or by bubbleback. Consider the following figure. 


DATA IN 









MHz. MHz . 
Ju ru 


‘T Su 
5 15 ; 
_ MHz MHz .. TOMHz 
NATURAL 
‘ . FREQUENCY 
_ Two 64x5 FIFOs. 
 B Is Half Full 


Before Switching DATA OUT" 


"Figure 12. Approach of fax from Falithrough 


Let us say that the natural frequency of the cascade interface 
between A and B ts 10 MHz. Data is shifted at low frequency 
into A, and falls through to B, until B is one-half full. The 
two-device buffer is then operated for a while with the input, 
output, and interface working at 5 MHz. 


Then, the input and output frequencies are raised to, say, 15 
MHz. Immediately thereafter, the composite buffer will con- 
tinue to function, since the input and output circuitry of a FIFO 
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can usually operate at frequencies above the natural fre- 
quency. The cascade interface, however, will be limited to a 
’ rate of 10 MHz. Eventually, the bottom part will empty, and the 
top part will fill. A cascade limited bottleneck occurs, limiting 
the overall throughput rate to 10 MHz. Data words from the 15 
MHz input stream will be intermittently read at a 10 MHz rate, 
causing a loss of data. 


At some point in time between the frequency increase and the 
bottlenecking, there will be five or so words in the top part, and 
twenty-seven or so (half of 64, minus 5) words in the bottom 
part. The FIFOs will no longer be in fallthrough mode, since 
there is more than one word in the upstream part, and more 
than one vacancy in the downstream part. The natural 
frequency mode will have been entered, and the interface will 
carry data as fast as possible. 


A similar example can be drawn for these FIFOs, with the 
composite buffer initially three-fourths filled. Eventually, the 
top part will fill and the bottom part will empty. At some point in 
between, the FIFOs will no longer be in bubbleback mode, but 
in the natural frequency mode, because there will exist more 


than one vacancy in the downstream part and more than one 
word in the upstream part. The overall steady state throughput 
rate will again be limited to 10 MHz. 


In each of the above cases, the composite buffer went from 
either fallthrough or bubbleback mode to the natural frequency 
mode (where both parts were neither full nor empty), then on to 
an interface limited natural frequency mode, subject to 
throughput-related errors. 


Regardless from which direction the natural frequency was 
approached, this frequency must be unique since it represents 
the case where the upstream part contains more than one word 
and where the downstream part contains more than one 
vacancy. When this happens the interface has no dependence 
on what is happening at the system input and output ports and 
shifts data across it at the maximum possible rate. 


The maximum operating frequency of a cascaded FIFO must 
therefore be specified lower than the worst-case natural 
frequency in order to avoid asynchronously induced 
bottleneck errors. 
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Introduction 


Thermal resistance for a packaged integrated circuit determines 
the operating temperature and hence the performance and life- 
time of the semiconductor device. For this reason, it is of interest 


to know the thermal resistance of the package configurations 


commonly in use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven- 
tions for data acquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides 
standard data for thermal resistance in the form of Rg ic (resist- 
ance from junction to case) and Rg JA (resistance from junction 
to ambient) as a function of air movement over the package/- 
board combination. en 


Use of Monolithic Memories Data 
In this publication, data is presented for a variety of packages 
and ambient conditions. In order to simplify the data presenta- 


tion, graphs of Rg yp vs. airflow are provided for packages in . 


common use. These include socket-mounted pin grid arrays, 
dual-in-line p-dip, cerdip and side-brazed packages, board 
mounted cerpacks, flatpacks, leadless-chip carriers and plastic 
leaded chip carriers. 


Resistance from junction to ambient (Rg yA) is a package 
geometry and die size related function. The user need only look 
up the package type and die size for the air-flow used. Since the 
Re JC is largely dependent on the package type and die size, a 
table has been constructed for easy use. 


Notes on the Tabulated Data 


1. All side-brazed, cerdip-sealed, molded dual-in-line and pin 
grid array packages were mounted in zero insertion force 
sockets with 40 mils air.gap and transverse to the airstream. 


2. All cerpacks, flatpacks, LCC, PLCC and SOIC packages were 
board mounted in direct contact with a double-sided fiber- 
glass-epoxy composite printed circuit board. 


3. For measurement of Rg JIC? all packages were immersed ina 
constant temperature fluorinert bath. The thermocouple was 
mounted directly to the bottom of the package. 
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Thermal Resistance Measurement Procedure 


Definition 

Thermal resistance of a semiconductor device is a measure of 
the ability of its mechanical structure (package) to provide for 
heat removal from the semiconductor element. It is defined as 
the rise in the junction temperature against some reference 
point per unit power of dissipation or it may be described by the 
formula: 


Re yp = Thermal resistance, junc- 


Ty-TR tion to reference point, in 
Rey = °C/watt 
P Ty | =Junction temperature in°C 
TR  =Reference point tempera- 
ture in °C 
P = Power dissipation 


Thermal Measurement Technique 


Thermal resistance is measured using the temperature sensitive 
parameter (TSP) method. This method takes advantage of the 
linear relation between temperature and voltage drop across a 
p-n junction to measure the average die temperature. Thermal 
resistance measurement can be done either using an actual 
device or with thermal test chips. For the purpose of this study, 
thermal test chips are used. 


Each test chip consists of sensing elements and a heating ele- 
ment. Sensing elements are two sets of diode pairs. One diode 
pair is located at the center of each die and one pair is near a 
corner. The heating element is a polysilicon resistor which cov- 
ers 95 percent of the die surface area. The resistor extends 
underneath the bond pads but not the sensing elements. 


Initially, diodes are forward biased to a low level current source 
(50 uA) and the voltage drop is calibrated with respect to 
temperature. Then, the resistor is powered and the diode voltage 
drop is monitored until thermal equilibrium is reached. Steady 


state junction temperature is calculated from the calibration 
data. 


For the Raj, measurement the device is putin a wind tunnel. The 
air speed is adjustable from 0 to 1000 feet/min. The use of a wind 
tunnel allows us to graph the Rg JA VS- air flow velocity. Average 
junction to case thermal resistance (Rg Cc) is measured by 
immersing the package ina constant temperature fluorinert bath 
and sensing steady state junction temperature with case 
temperature being measured at the bottom of the package. 


Summary 


The thermal resistance measurement can be summarized as 
follows: 


1. Calibration of the voltage drop across the sensing element 
with respect to temperature. This is done by measuring the 
voltage drop at several different temperatures with the heat- 

- ing power off. 


2. Measurement of voltage drop across the sensing element 
under operating conditions, under various air flow rates 
(from 0 to 1000 linear ft/min.), while measuring °C ambient 
and power input for calculation of Re jp. 


3. Measurement of voltage drop across the sensing element 
under operating conditions, package immersed in constant 
temperature fluorinert bath, while measuring the case temper- 
ature at the bottom of the package and power input for 
calculation of Rg jo. The readings are recorded when the 
package has reached thermal equilibrium. 


4. Calculation of thermal resistance 
TJ-TA Ty-TC 


a. Raia = 
JA p Pp 
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Abstract 


Determination of the Thermal Resistance of Packaged De- 
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop- 
ment group has undertaken the task of characterizing current 
AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis- 
tance. 


Definition of Thermal Resistance 


The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, ‘knowledge of the ther- 
mal properties of the packaged device becomes an important 
factor during device design.:!n order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 


Ty = Tx + Pp 9x (1) 


where: T, = junction temperature 
Tx = reference temperature 
Pp = power dissipation 
63x = thermal resistance 
X = some defined test condition 


In general, one of three conditions is defined for measurement 
of thermal resistance: 


Ac - thermal resistance measured 
with reference to the tempera- 
ture at some specified point on 
the package surface. 


854 - thermal resistance measured 
(still air) with respect to the temperature 
of a specified volume of still air. 
Oss - thermal resistance measured 
(moving air) with respect to the temperature 


of air moving at a specified ve- 
locity. 


The relationship between 6), and Oj, is 
Byn = Bye + Oca 


where 6c, is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. 6,, is 
dependent solely on material properties and package geome- 
try; 9,, includes the influence of the surface area of the. 
package and environmental conditions. Each of these defini- 
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate- 
rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera-- 
ture dependent. For alumina and silicon, two common pack-’ 
age materials, this dependence can amount to'a 30% 
variation in thermal conductivity over the operating tempera- 
ture range of the device. The thermal resistance of a compo- 
nent is given by 
L 

6=—— 

KDA 
where: L = length of the heat flow path 
A =cross sectional area of the heat flow path 


K(T) = thermal conductivity as a function of tem- 
perature — 


(2) 


and the overall thermal resistance of the assembly (discount- 
ing convective effects) will be: 


L, 
KnAn 
but since the heat flow path through a component is influ- 


enced by the materials surrounding it, determination of L and 
A is not always straightforward. 





6=26,=2 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e, power distribution and power density. By 
rearrangement of equation 1 to 


1 : 
=—(Ty-Ty) =—(H- 3 
Py 6, Ty) ma, Tx) (3) 
the relationship between P, and T, can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T, must increase and, since the individual 6, will 
also increase with temperature, the increase in T, will not be a 
linear function of increasing power levels. 


A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
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specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of the 
die attach bond will most severely influence the package 
thermal resistance as this is the area which first impedes the 
transfer of heat out of the silicon die. Indeed, it seems likely 
that the initial thermal response of a powered device can be 
directly related to the quality of the die attach bond. 


Experimental Method 


The technique for measurement of thermal resistance involves _ 


the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to ensure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated... Thus measurement of the 
substrate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 
the individual junctions across the die surface. Measurement 
of a more local source would yield a less generalized result. 


For MOS devices, simulation is accomlished using the thermal 
test die. The basis for this test die is a 25 mil square cell 
containing an isolated diode and a 1 KQ. resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
into mulitple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 mA current level at two 
different temperatures. The diode calibration factor is then: 


T2-T, AT 
Ky = = — (4) 
Vo-V, AV. 
in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 


. Measurement points are sufficient to determine the calibration. 


The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: 


Kr (Ve — Kr(Ve- Vi) _ AV 
ae Pp 


where: Kr = calibration factor 
V, initial forward voltage value 
Ve =current forward voltage value 
Vy = heating voltage 
ly ™=heating current 





6. (5) 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under ‘test. 


When the end result desired is 0, (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For yc 
measurements the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature. The require- 
ments for measurement of 0,, (moving air) are rather more 
comple x and involve the use of a small wind tunnel with 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan- 
dardization of this last test requires much careful attention. 


WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 


VOLTAGE 


vi 


CURRENT 
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Experimental Results 


The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 


preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 


Updated data will replace the data in this table as each device is measured or revised data becomes available. 


Thermal Resistance of AMD Products 


(Notes 1, 2 and 3) 
PIN PACKAGE TYPE 
COUNT LOM 5) = = ANOS) oe ee 4) 


Ceramic TS GeramicIP——(ssti(‘<‘iéd™’!éCtC*d;:C Cd 
Plastic DIP 
Ceramic Flatpack 
Ceramic LCC 
Plastic LCC* 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 


Ceramic LCC CR CR 
Plastic LCC” 58 CR 


Notes: 

1. Representative values for each package type — for information only. 

2. Any given device may differ from these values. Consult local AMD sales 
office for specific-device information. 

3. CR  =Consult local AMD Representative. 

4. DIP = Dual-in-Line Package 
LCC =Leadless Chip Carrier 
LCC* = Leaded Chip Carrier 

















Table 1. 
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LEAD FRAME 
Copper Alloy 194. 


Copper Alloy Tamac 5. 


LEAD FINISH 
Solder Dip. 
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Molded DIP 





BONDING WIRE 


1.0 Mil Gold Wire. 


1.25 Mil Gold Wire. 
1.30 Mil Gold Wire. 


DIE PAD 


Spot Silver Plating 
(150 Micro-Inches) 


BONDING WIRE 


PACKAGE BODY 


PACKAGE BODY 
Thermoset Plastic. 


DIE BOND 
Silver Filled Epoxy. 
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20N Molded DIP 
(1/4"x1") 


PIN NO. 1 
IDENTIFIER 





1. 
178 VERSION 2 
PIN NO.1 
IDENTIFIER VERSION 1 2035 _, 


.889 306 + 010° 
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. -130 + .010 es \ s 
A 3.302 + .254 
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SEE DETAILA ore + = | & i 
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.100 as .060 + .004 .360 + 025 
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| 22 
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DETAIL A 
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40N Molded DIP | [7 4524 
(9/16"x2-1/16") 


086_ 
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£% Js f&. £ PBA A ABA A A A AN cy ey "des | 
A ) 
. PIN #1 | 120 
= al IDENTIFY, | 3048 DA 


VERSION1 . : VERSION 2 
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PIN #14 IDENTIFY 





|} i 
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ALL TOLERANCES ARE + .007 INCHES 
4° -11° 
REF. (2) 


011 + .002 | _— ~»| |e 
: 279.081 660 + .025_ 
10748A 76764 695 +635. 
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24NS Molded SKINNYDIP 
(1/4"x1 3/16”) 
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VERSION 1 
a en -306 + .010 
ie 772 +254 
1.196 +.015 258 +012 
30.378 +.381 | asas + .305 
130+ .010 lise Typ 
4 3.302+ .254 + 
.280+.010 __ f 
7.112 2.254 | “38 
3.302 5° - 12° 
aaa REF.(2) 
50 per oreo il | il 
a 279 + .051 
100 040 .360 + .025 
2540 1.016 9.144 +.635 
gaa <—_— —- ee UNLESS OTHERWISE SPECIFIED: 
Bag ; ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
Noise: ALL TOLERANCES ARE + .007 INCHES 


1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 


2. Both version 1 and version 2 configurations are manufactured interchangeably. 
3. Ejector pin marks on version 1 are optional. 
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Ceramic DIP 


CAVITY BONDING WIRE 

















A\ fa K fh fA CAP 
j CEN V/ GLASS 
NK 
=F 
LA 
CV 
Ly 
Karat 
VW Y 
BASE 
LEAD FRAME 
DIE (DEVICES) f 
LEAD FRAME BONDING WIRE . CAP AND BASE 
Alloy 42 1.25 Mil Aluminum Pressed Alumina 
GLASS ene CAVITY , LEAD FINISHES 
Vitreous Gold Over Alumina Solder DIP Over 
Solder Glass For Eutectic Die Attach Matte Tin Plate 
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20J Ceramic DIP 
Mil-M-38510, 
Appendix C, D-8 
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24JS Ceramic SKINNYDIP 
Mil-M-38510, 
- Appendix C, D-9 
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1. Specified body dimensions allow for differences between MSI and LS! packages. 


2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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40J Ceramic DIP 
Mil-M-38510, 
Appendix C, D-5 
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10753A 
Notes: 


1. Specified body dimensions allow for differences between MSI and 
LSI packages. 


2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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20Q Window CERDIP 
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Plastic Leaded Chip Carrier 


DIE (DEVICE) 


BONDING WIRE 
LEAD FRAME 


DIE PAD 





PACKAGE BODY 


LEAD FRAME BONDING WIRE — PACKAGE BODY 
Copper Alloy 195. 1.25 Mil Gold Wire Thermoset Plastic. 
Copper Alloy Tamac 5. 
LEAD FINISH DIE PAD DIE BOND 
Tin Plating. Spot Silver Plating Silver Filled Epoxy. 


Solder Dip. (150 Microinches). 
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Package Drawing 
24SG Small Outline Package 
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UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
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*For reference only. All dimensions are measured in inches. BSC is an ANSI standard for Basic Space 
Centering. 
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